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PREFACE. 



Thb exoellent Tolmnes on Drainage written by the late 
Mr, Dempaey having for some time been out of print, 
the publishers requested me to revise and to recast 
fliem m one Tolimie» introducing new matter relating 
to recent practice in drainage. Much in those volumes 
whioh was neeessarily speoolatiTe and transitory has 
been omitted, and some account of the grand works 
of the Metropolitan Main Drainage, and of interesting 
works ol drainage engineering in other places, has 
been substituted. The sections of the original volumes 
treating of water supply have been entirely with- 
drawn, and room h^ thus been made for a notice of 
extensive land-drainage operations^ and of the labour 
of skilled obeerven of rain&U, percolation, and evapora- 
tion in various countries. 

Taken together, tlie new matter contributed by me 
amounts to just one-half of the volume. The principal 

source from which the substance of these recent contri- 

h 
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butions have been derived is that ihexliaustible mine of 
engineering lore of the firgt rank — the ''Minutes of 
Proceedings of the Institution of Civil Engineers^" for 
the use of which I am indebted to the Coimcil^ who, 
with their usual liberality, have aooorded unrestricted 
permission. 

D. Clakk. 

S^ BoauNOHUt Btbut, Adslfh!, LoNixm. 
larmrn, 1SS7* 



NOTE TO THE SECOND EDITION. 

The publishers are gratified to find that this work 
has met with so favourable a reception that a new | 
edition is already required ; and the opportunity has ^ 
been taken to make some few corrections which had | 
escaped attention when the work was passing through 
the press. 

Jhcmber, 1S89. 
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LANDS, TOWNS, AND BUILDINGS. 



DaAnrAaE is the ooUeotiug and conveymg away of refuse 
watery and other matterSi frcMon laads, townsi and buiidingB. 
It aseertaiiiB the means and methods d aeoomplishing 

these purposes in the most complete manner; and, as water 
is the principal aprent in all cleansing processes, the means 
required for insuring its supply are among the neoessary 
provisions of efficient drainage. Sewers are among the 
. essential means of town drainage, and therefore have to 
be so considered, and their positions, forms, sizes, and modes 
of construction duly ascertained. Our subject thus em- 
braces several matters which may be treated separately, 
but which are properly branches of the art of draining, 
and cannot be oonsistently studied and usefully applied 
without a full appreciation of their several and intimate 

connections. 

AVater is indispensable to animal existence and health. 
The means of obtaining, treating, and economising this 
vital liquid are, therefore, amongti^mostimportant objects 
of human art. The several sources, primary and second- 
ary, of water, are the ocean, rivers, streams, lakes, subter- 
ranean collections or springs, and rain. Some or other of 
these sources are at our command, to some extent, at least, 
in every habitable region of the globe. Xhe appUcabtlity 
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of the first-named four sources is limited by the g^gia- 
phieal positioa of the diBtriot ; the latter two of them axe 
obtainable nearly eyerywhere. The ceaselesB cyole of 

operations by which, the waters on the earth and of the 
ocean mingle with the atmosphere by the process of 
evaporation, and, descending in the forms of rain and 
deW| sprinkle the auzf ace, and again unite through streams 
and rivers in their common reservoir, is one of tiie most 
beautiful and interesting illustrations of tliu compensating 
principle of the economy of Providence. 

The proper serving of water for agricultural purposes, 
similarly with that for domestic and maanfacturing uses, 
requires both adequate supply and discharge. That is, if 
the natural supply be deficient, it becomes the business of 
the drainer to augment it ; if excessive, to reduce it. But, 
in either or any case, his correlative object is to provide 
sufficiently for the discharge of the water as rapidly as 
vegetation has imbibed its nutriment from it, and the sup- 
ply is replenished. The recognition of this essential prin- 
ciple founded the era of all modem improvements in the 
Art ol Draining. The most skilful tenders of the soil 
were previously satisfied to drain the surface of the land. 
So long as they were enabled by superficial ohannebtoget 
rid of the excess of water whidi appeared above ground, 
their work seemed to them complete, and the eli'ects of 
subterranean reservoirs and aluminous sponges, made 
visible in stunted and luihealthy vegetation^ were attri* 
buted to any causes rather than the true ones. 

Beyond the limits of the subject of draining as defined, 
it is also to be extended to the ultimate disposal of the 
refuse matters which it has first to remove from streets and 
dwellings : and one of its most important duties is to effect 
this disposal in such a manner that human health shall 
not be tiiereby impaired \ and, mosswret, that the matters 
removed shall be made available to the utmost in pro- 
moting the fertility of the land, and effecting all chemical 
puzposes for which they are the best fitted. 
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HISTORICAL NOTICE. 3 

The liistoiy of the art, indeed, informs us that the 
BomanB consulted the nature of the soil in aeleoting the 
fofxn of their drains; that they provided for draining 

from springs and subterrauean sources as well as from 
the surface; and that tliey were thoroughly conversant 
•with the superiority of coyered and deep drains in certain 
cixcnmstanoes. Without attempting to pursue this history, 
lioweyer, whieh is abundantly interesling, but far beyond 
our space, we may recall to the minds of our readers the 
fact that, some century ago, the only method of draining 
^ generally praotised in this country consisted of forming the 
0uzf ace into rude ridges and furrowSi and cutting open 
trenches by the hedges to carry off some of the super- 
abundant moisture. But, more than this, we are called 
upon to attest the fearful truth, that our own little island 
contains thousands upon thousands of acres of land in this 
same disgraceful condition, which have conmionly been 
oondemned as bad lands, and regarded as eri^iBnces of the 
misfortunes, instead of the ignorance, of their oultiyators. 
The modem art appears to date principally from the 
methods instituted in the year 1764 by one Mr. Joseph 
Elkington, a Warwickshire farmer, who, happening to 
driye an auger through the bed of a trench, discoyered the 
existence of a water-bearing stratum beneath, by drawing 
the water from wliich the surface and supersoil became 
thoroughly drained. The late Mr. Smith, of Deanston, 
and others, subsequently extended the principle of consult- 
ing the texture of the subaoilsi and have adapted the depth, 
oapadly, and construction of drains to these vaiietieB of 
texture. 

As early as the time of the Commonwealth, deep drain- 
ing was advocated by Captain Walter Biith, who says — 

Wherever you see drayning and trenching, you shall 
rarely finde few or none of them wrought to the bottome. 

But for these common and many trenches, of ttimes crooked 
too, that men usually make in their boggy grounds, some 
Ik. one footy some two, I say away with them as a great piece 
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oi folly, lost laboiir and spoyle. And for thy drayning^ 
trench it must be made so de€^ that it go to the bottome 
of the oold spewing moyst water that feeds the flagg and 

rush — a yard or 4 feet deepe if ever thou wilt drain to any 
purpose." And **to the bottome where the spewing' 
spring lyeth thou must go, and one spade's graft beneath, 
how deepe soever it be, if thou wilt drain thj land to 
purpose." ' 
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DBAINAGE OF LANDS. 

SECTION I. 

SoarOM of Water.— BaiiilftU.--BTapontioa.-—Per^ 

of SoOs and Crops. 

In adopting the terms natural and artificial supply as 
cQntradifttingwifthed, it may appear that the f onner should 
apply commonly to all the eouroes enumerated, except the 

subterranean. We would, however, limit the term natural 
supply to rain and dew, since all the other sources require 
more or less of artificial means before thej are generally 
ayailable for the purposes of man. Thus the water of 
the oceaa must imdergo chemical change or distOlation, 
and that of rivers requires artificial channels and conduits 
for its distribution. These, therefore, like the subterranean, 
for which wells and borings are necessary^ have to be 
classed among the artificial sources of water. 

The quaatily of eyaporation from land-surface is evi- 
dently more limited than that from water-surf ace, the one 
depending upon tlie retentive power of the super-soil, and 
the facility for capillary action, while the other arises from a 
source comparatively inexhaustible. The rate of the pro- 
cess is controlled by temperature, and accelerated in pro- 
portion to the heat acting upon the surface ; the tempera- 
ture being effected by the elevation, and reduced in 
proportion as the elevation increases. The joint result of 
these conditions is, that proximity to the sea, the river, or 
the IgJfie, promotes the natural supply of water in the form 
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of rain. The geography of the district, therefore, affects 
the f adlitj or difficulty of the natural supply. 
But another consideration also affects tlds supply, vis., 

the superficial features of the district. Thus amountaiiious 
character, augmenting the surface exposed to oblique 
showers, increases the quantity reeeiyed on the one side, 
and diminishes that on the other; and the sides of a 
TaDey, in like manner, receive more or lees than the quan- 
tity due to a level district. 

The natural supply is, moreover, modified in effect by 
the structure of the surface on which it falls. Thus, upon 
a rook-surface (such as that presented by mountains)| whioh 
resists percolation, the rain collects in masses, floods itself 
through a fissure, or wears a channel along the line of the 
most pervious formation, and reaches the lower plains iu 
the formidable rush of a mountain torrent. And as, gener- 
ally, the effect of the natural supply of water is in pro- 
portion to the comparative impermeabililj of the soil, it 
follows that the value of this supply in any district is 
further conditional on the structural character of the 
adjacent districts. Thus, from a higber impermeable dis- 
trict it wiU receive, and to a lower more permeable district it 
-will give. Natural supply is hence, in effect, determined 
by the geographical situation, the superficial character, 
and the geological structure of a district, modified also by 
the structure of the surrounding district. 

The quantity of rain that falls annually at several places, 
has been observed and recorded as follows : — 

In England, the mean annual depth for the eight years 
1836 to 1843, both included, was 26' 61 inches, having 
varied between the extremes of 21*1 and 32*1 inches. The 
average annual fall at some other places has been recorded 
as follows : — 



South Carolina • • 

Bombay (mean of 10 yesxt) • 

Brazil (in 1S21) . 

Ciunana • « • • 



• SO 

• 78 

• 280 
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Humboldt has assigiied the fall of xain to vaiy with the 
latitudoi being greatest at the equator, and diminiahing 
towards the poles in the following ratio: viz., 96 inches 

annually in tlie equatorial zone, 80 iuclies to latitude 
20% 29 inches to latitude 45^1 and 17 inches to lati- 
tude 6o^. 

The quantity of rain thus vaxying, with some reference 
to the latitude, also to the position of the district in rela- 
tion to tlie sea, and varying also from one year to another, 
is further affected by the season. Tlius, the mean fall 
per month on an average of eight years in some districts 
of England has beenreoorded as fluotuatingfroni 1*617 
in Mardi to 3*837 inches in November; the fall in each 
month being as follows 

TAIiT.l"! I. — Rainfall — Avetiaoes of Eight Years. 



Inches. 



Januaiy • • • • • 1*847 

February • • • • • l'97i 

March 1*617 

April 1*456 

May •••••• 1*856 

Jane •••••• 2*213 

July 2*287 

August •••••• S'427 

September • • • • • 2*639 

Oc.ober . ♦ . . . 2*823 

November 3*837 

December • • • • • 1*641 



16*614 



This monthly quantity, being the mean of eight years, 
does not by any means indicate the monthly proportion 
lor any one year, the variation being as great between the 
eame months of different jears, ae it is from one year to 
anoflier, or indeed from one latitude to another. Thus, 
during the eight years over which these observations ex- 
tended, the quantity of rain falling in each month was as 
follows: — 
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Table II.— RAUirALL for Eight Ysa&b. 



January 

February 
March 
A pnl 
May ... 
June. . 
July 
August 
September 
October . 
November 
December 



Quantity In | 



each yenr 



1030. 


w Q •* 

io37- 


1038. 


1839. 


1840. 


1841. 


1842.1 1843. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


240 


2-40 


0-31 


1-40 


395 


1*50 




1*4.6 


2*04 


2*85 


2-65 


i'45 


1-32 


1*02 


2*02 


2*42 




075 


1*55 


I -92 


0"34 




2-20 


0-88 


2*57 


1-32 






0-34 


1-85 


0-47 


2-IO 


070 


0-94 


0-84 


1-22 


2 62 


1-68 


1-85 


500 


I -80 


I -80 


2-85 


3-31 


1-33 


3-00 


2-00 


1-56 


229 


I 30 


2-35 


4-3^^ 


I -08 


280 


I '93 


2-09 


2*24 


3-00 


0-95 




1-90 


362 


1*40 


2-56 


2*6o 




2-47 


3*22 


2-31 


4W 


4-50 


0-63 


4*55 


i'55 


2-68 


1-68 


1-50 


4-40 


1*41 


4*82 


395 


2-05 


3'55 


4-40 


4-25 


4-28 


5-77 


2*45 


2*21 


170 


1-58 


3*C2 


0*40 


2 30 


152 


040 


31-00 


21-10 


23-13 


31-28 


21-44 


3210 


26-43 


2647 



We may quote a few words from the oelebrated Dalton, 

wliicli will be fully suggestive to the studious mind in this 
interesting department of meteorological science. '* The 
cause of rain is noWi I oonsider, no longer an object of 
doubt. If two masses of air of unequal temperatures, by 
the ordinary currents of the winds, are intermixed, when 
saturated with vapour, a precipitation ensues. If the 
masses are under saturation, then less precipitation takes 
place, or none at all, according to the degree. Also, the 
warmer the air, the greater is the quantity of vapour pre- 
cipitated in like oircumstanoes." Hence the reason why 
rains are heavier in summer than in winter, and in warm 
countries than in cold.** • 

The depth of rain which falls is ascertained by receiving 
it in a vessel of some form with a gauge connected, in 
whieh the depth nuiy be aoourately measured. The rain- 

• Memoirs of the Literary and Philosophical Society of Muk- 
cheater ; vol. iii., 8e< ond Beriea, 1819, p. 507. Several valuable papers, 
with detailed observations made during lon^ seriea of years, by 
Dr. Duiton and others, are to be found in thefiu Memoirs. 
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gauge used by Dr. Dal ton for a series of experiments 
extending from 1795 to 1819, or later, consisted of ''a 
fmrnel of 10 inches diameter, and the top surrounded 
by a perpendicular rim of 3 inches high, to prevent 
any loss by the spray ; it was fixed in a proper frame 
with a bottle for the water, and stood above 2 feet above 
ground.*' 

The effectiveness of rain for all purposes of water- 
supply and drainage caa be estimated only after deter- 
mining the deduction due to the process of evaporation, 

by which the larger part of it is raibud from the surface 
on which it has fallen, and, in the form of vapour, mingles 
with the atmosphere, to be again precipitated upon the 
earth and ocean. The proportion evaporated appears to 
be mainly dependent upon the temperatore, heat pro* 
moting the process, and cold retarding it. The highest, 
lowest, and mean temperature in each month have been 
observed to be as follows : — 

TABLE m.— Tempeilatukbs. 



MOKTU. 



January , , 
February 

April 

May •••• 

June 

J uly .... 

August . . 

September 

October 

Noveoftber 

December 



Highest. Loweit 



^ 'O 

74*0 
70 'O 

90 -o 

76 "O 

82 o 
76 o 
68 'O 
62 «o 
55 -o 



ii°o 
21 -o 
24 *o 
29 -o 

33 -o 

37 -o 
42 -o 

41 -o 

36 'O 

27 'O 
23 'O 
17 'O 



Mean. 



36°- 1 

38 o 

43 9 
49 '9 

54 -o 

587 

61 'O 

61 -6 

57 -8 
48 -9 
43.9 

39*3 



Andy aooordingly, we £nd the proportion of rain evapo- 
rated corresponds with the temperature recorded thus :— 

being the mean evaporation of each month during the 

b3 
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«tglit years 1836 to 1843, stated at per eent. upon the 
quantity of rain. 



TABLE lY. — ^Baxmfall— Pebcsmtaob op ETiLPo&ATioN. 



January 

February 

March 
April . 
May , 
June . 
July . 
August 
September 
October 
November 
December 



Evaporation 
per cent. 

21*0 

334 

79-0 

942 

982 
Q8-6 
861 

50-5 
151 

00.0 



Mean 57-6 



Bemainder 

per cent. 

707 

66-6 

2I-0 

5-8 
17 

1-8 

1-4 

13-9 

49-5 
849 

100*0 

424 



The remainder stated in the last column shows the per- 
centage upon the total quantity falling which is available 
for human purposes. 

Besides the main eondition of temperaturei other minor 
eireomstaaoes affect the proportion of rain which passes 
from the surface in the state of vapour, and have to be 
considered in forming an estimate, from these records, of 
the ^.vailable quantity of rain-water in any district. These 
minor conditions are chiefly the structure and the state 
of the supersoil and of the subsoiL Thus, if the struotore 
be of an impenneable oharaeter, the water will lie upon 
the surface, while evaporation takes up more than its 
average quantity, being hindered only by the provision 
which may exist for passing the rain immediately to a 
more porous surface. On the other hand, a soil of ezoes- 
rive penneability will imbibe the water rapidly, and thus 
reduce tke amount of evaporation. The state of the soil 
affected by the frequency and extent of the showers will, 
moreoveTi determine in some degree the relative quantities 
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of rain-water evaporated and retained. Thus, if the soil 
has acquired exceosive hardness from long droughti or be- 
oome saper-satiirated by ezoesaiye rain, evaporation will 
proceed more rapidly than pereolationi and the effect of 

the fall be similarly diminished. 

The average quantity remaining to filter through the . 
floil, or to be made use of for the purposes of man, may be 
oomputed from the following Table, l^o. Y., which shows 
the average monthly fall during the same period of eight 
yefirs as stated in Table No. I., the q^uautity evaporated, 
and the quantity remainingi in inches. 



TABLE V. — Baimfall and Evaporation — ^Ayb&aobs fo& Eight 

Years. 



MOSTM. 


BAOr. 


Total falling. 


Eraporated. 


Aexnaixung. 




Inches. 


Inches. 


Inches. 






0540 


I 307 




1*971 


0424 


«-S47 




x*6i7 


0*540 


1-077 




1-456 


1-150 


0*306 




I 856 


1-748 


o-io8 




2-2*13 


2-174 


0-039 




2-287 


2-245 


0-024 




2-427 


2-391 


0036 




2 639 


2*270 


0-369 




2823 




1*400 




3-837 


o*579 


3-258 




1-641 


0164 


1-805 




26 614 


15-320 


11-294 



The following observations, Table No. VI., on evaporation 
and filtration,* for which we are indebted to the patient 
aad carefully oonducted experimenta of Mr. Charles Char- 



* Quoted by J. H. Ghamock, Esq., Asnsiant Commissioner under 
the Drainage Acts, in a paper ** On Suiting the Depth of Drainage to 
the Circumstances of the Soil," given in the Journal of the ^yal 
Agricuitural Society, vol. x. pt. ii. pp. 515 tojjS^ 
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nock, of Holmfield House, near Ferry bridgei present some 
valuable facts for consideration. 

la ihfiae experim«nta^ the evaporation from saturated soil 
was determined tiuis : — A leaden vessel of 13 inches deep, 
and a foot square, was filled to within an inch of the top 
with soil, and placed in the ground in the same manner as 
the previous vessel, with a pipe level with the surface of the 
soil to carry off the excess of top-water into a receiver. 
The same quantity of water was then daily supplied to this 
soil as the evaporating dish of column 3 showed was 
evaporated. The soil was stirred as in the former case, 
and thus represented wet and undrained land. 

''In the first place, it is observable how much greater is 
the amount of evaporation from water than from land, and 
how near, as shown by columns 3 and 5 (Table YE. 
pp. 12, 13), the eva2:)oration from wet land is to that from 
water itself ; — hence the wetter the land the greater the 
evaporation, and, as the well-known consequence, the 
greater its excess of coldness. We have a familiar illus- 
tration of nature's process in this particular, in the method 
often adopted to cool our wine on a hot summer^s day, by 
wrapping a wet napkin round the bottle and exposing it to 
the full sun : as the moisture from the napkin is evapo- 
rated, the temperature of the wine declines to almost 
freezing point. The schoolboy's experiment of producing 
ice before a fire, by incasing the vessel in wet flannel and 
adding a portion of salt to the water, is a similar example, 
with this additional lesson to the farmer — that to apply 
certain limes to wet land is only increasing theeviL 

You will then, in the second place, notice how much 
less the evaporation is in the shade than in the sun, and 
consequently that wet land must be the warmest when 
there is the least sun. From which cause, no doubt, arises 
that too vigorous growth of young wheat, so often observ- 
able on such land in the winter and spring months, which 
never fails to produce sorious injury to the crop in all its 
subsequent stages. And thirdly, you will remark how 
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oomparatiyely small a proportion of the rain irMck falls is 
shown to be carried off by filtration." 

The predfie quantity of water required for the agiicul- 
toral puipoees of any district depends upon the nature of 
the soil and the oropsy and the position of the distriot in 
relation to the surrounding country. Thus, if a permeable 
soil occupy an elevated site, the water deposited upon it 
will pass rapidly, and perhaps before serving for the germi- 
nation or the nutriment of the plant. If, on the other 
handy as is the far more oommon ease in this country, the 
soil he of a retentiye eharaoter, and the site low in relation 
to other districts, the water will be kept, while the soil be- 
comes saturated to so great an extent that the processes of 
vegetable germination and growth are greatly impeded. 
The soil exists in one of tfaiee conditions: ist^ in the form 
of day, being a dense mass consisting of finely comminuted 
particles, but all of a highly tenacious kind ; in a state of 
alight moisture it becomes a clammy paste, and is never 
found so utterly devoid of moisture that its constituent 
particles are separable : it affords no passages for water, 
receiving it with difficulty, and retaining it in the same 
way. 2nd, in the form of sand or gravel, the particles of 
which are seldom or never united, and the soil is therefore 
full, of passages or canals for water. Soil of this kind has 
no power either to oppose the admission or effect the reten- 
tion of water poured upon it And 3rd, existing in the 
form of a mixture of tlio aluminous, silicions, and calcareous 
elements, in endless variety of proportions, found as clods, 
and in this state affording two classes of passages for the 
ingress and permeation of water, vis., those remaining be- 
tween the particles which are congelated in each dod, and 
those formed by the spaces between the dods. The former 
are sometimes called pores, and the latter canals. The 
power of admittiug and retaining or discharging water 
exerted by these mixed soils, will exist in an endless variety 
of degrees, according to the mechanical formation of the 
'oonstituent partides and dods. The state of soil which is 
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most f ayonrable for the genniiiation and development oC 
the plant is that of moistnesB, capable of being readily 
crumbled by the band, and equally removed from tlie ad- 
hesive extreme of mud and the volatile one of dust. In this 
condition it wiLI be found that the pores are filled with 
water, bnt the eamh are not — ^these latter serying as pas- 
sages for the air, which is one of the feeders of vegetable 
life ; and we can therefore readily understand that when 
water exists in such quantity that the soil is saturated with 
it, and all the pores or canals hlled, its condition is un- 
healthy for the growth and development of plants. 

The following extract, from an admirable lecture on 
Agricultural Science, by Dr. Madden, quoted by the 
General Board of Health in their " Minutes of Informa- 
tion," although of considerable length, claims a space 
here, for the valuable information it conv^ on the fitness 
of soil for promoting vegefcable germination. 

" The first thing which occurs after the sowing of the 
seed is, of course, germination; and before we examine 
how this process may he influenced by the condition of the 
soil, we must necessarily obtain some correct idea of the 
process itself. The most careful examination has proved 
that the process of germination consists essentially of 
various chemical changes, which require for their develop- 
ment the presence of air, moisture, and a certain degree of 
warmth. Now it is obviously unnecessary for our present 
purpose that we should have the least idea of the nature 
of ilLese processes : all we require to do, is to ascertain the 
conditions under which they take plaxje ; having detected 
these, we know at once what is required to make a seed 
grow. These, we have seen, are air, moisture, and a cer- 
tain degree of warmth ; and it consequently results that 
wherever a seed is placed in these drcnmstances, germina- 
tion will take place. Viewing matters in this light, it 
appears that soil does not act chemically in the process of 
germination ; that its sole action is confined to its being 
the vehide by means of which a supply of air and moisture 
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and warmth, can be continually kept up. With this simple 
statement in yiew, we are quite prepared to consider the 
yariouB eonditione of aoili for the purpose of detemdn* 
ing how far tiieee will inflnenoe the fature prospeeto of 
the crop, and we shall accordingly at once proceed to 
examine carefully into the mechanical relations of soil. 

Soil, examined mechanicaUyy is found to consult en« 
tirelj of particles of all shapes and sises, from stones and 
pebbles down to the finest powder ; and on aoooont of their 
extreme irregularity of shape, they cannot lie so close to 
one another as to prevent there being passages between 
them, owing to which circumstance soil in the mass is always 
more or less porous. If , howereri we proceed to ezamine 
one of the smallest particles of which soil is made up, we 
shall find that even this is not always solid, but is much 
more frequently porous, like soil in the mass. A consider- 
able proportion of this £nely divided part of soil, the im- 
palpable matter, as it is generally called, is found, by the aid 
of the microscopey to consist of broken-downvegetable tissue, 
so that when a small portion of the finest dust from a gar-* 
den or field is placed imder the microscope, we have 
exhibited to us particles of every variety of shape and 
structure, of which a certain part is evidently of vegetable 
origin. 

On examining a perfectly dry soil we perceive that 

there are two distinct classes of pores : ist, the largo ones, 
which exist between the particles of soil ; and 2nd, the very 
minute ones, which occur in the particles themselyes ; and 
whereas all the larger pores^those between the particles 
of soil — communicate most freely with each other, so l^at 
they form canals, the small pores, however freely they may 
communicate with one another in the interior of the particle 
in which they occur, have no direct connection with the 
pores of the surrounding particles. Let us now, therefore, 
^ace the effect of this arrangement. If the soil is perfectly 
dry, the canals communicating freely at the surface with 
the surrounding atmosphere, the whole of these canals and 
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pores will, of course, be filled with air. If, in this condi- 
tion, a seed be placed in the soil, you at once perceive that 
it is freely supplied with air, but there is no moisture ; 
therefore, when soil is perfectly dry a seed cannot grow. 

Let us turn our attention now to that state of the soil 
in which water has taken the place of air, or, in other 
words, the soil is very wet. If we observe our seed now, 
we find ife abundandy supplied with water, but no air. 
Here again, therefore, germination cannot take place. It 
may be well to state here that this can never occur exactly 
in nature, because water having the power of dissolving 
air to a certain extent, the seed is in fact supplied with a 
certain amount of this neoessaiy substance, and owing to 
this germination does take place, although by no means 
under such adyantageous circumstances as it would were 
the soil in a better condition. 

We pass on now to a different state of matters. Let 
us suppose the canals are open and freely supplied with 
air, wMle the pores are filled with water. While the seed 
Qow has quite enough of air from the canals, it can never 
be without moisture, as every particle of soil which touches 
it is well supplied with this necessary ingredient. This, 
then, is the proper condition of soil for germination, and, 
fai fact, for every period of the plant's development ; and 
ttiis condition occurs when soil is moist but not wet— ^that 
is to say, when it has the colour and appearance of being 
well watered, but when it is still capable of being crumbled 
to pieces by the hands, without any of its particles adher« 
ing together in the familiar form of mud. 

''Let us observe still another condition of soil; in tiiis 
instance, as far as water is concerned, the soil-is in its 
healthy condition — it is moist but not wet, the pores alone 
being filled with water. But where are the canals ? We 
see them in a few places, but in by far the greater part of 
die soil none are to be perceived; this is owing to the par* 
tieles of soil having adhered together, and thus so far 
obliteratijid the intei'btitial canah^ tliat they aj^^eai only like 
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poxes* This is the state oi matten in eyery clod of earth; 
and yoa irill at oaeeperoeiyei on oomparing it witha stone, 
that it differs from it only in possessing a few pores, vhioh 
latter, while they may form a resenroir for moisture, oan 

never act as vehicles for the food of plants, as the roots are 
not capable of extending their fibres into the interior of a 
dod, but are at all times confined to the interstitial canals. 

With these four conditions before lis, let us endearonr 
to apply them practieally to aseertain when they oeonr in 
our fields, and iiow tliose which are injunous may 
obviated. 

The first of them, we perceive, is a state of too great 
dryness, a yeiy rare conditioni in this dimate at least ; in 
fact, the only case in which it is likely to occur is in rery 

coarse sands, where the soil, being chiefly made up of pure 
sand and particles of flinty matter, contains comparatively 
much fewer pores, and, from the large size of the individual 
particles, assisted by their irregularity, the canals are wider, 
the oiroulation of air freer, and, oonsequently, the whole is 
much more easily dried. When this state of matters exists, 
the best treatment is to leave all the stones which occur on 
the surface of the field, as they cast shades, and thereby 
prevent or retard the evaporation of water. 

**We wiQ not, however, make any fnrttier observations 
on this very rare ease, but will rather proceed to a much 
more frequent, and, in every respect^ more important con- 
dition of soil, an excess of water. 

« When water is added to perfectly dry soil, it of course, 
in the first instance, fills the interstitial canals, and from 
these enters the pores of each particle ; and if the supply 
of water be not too great, the canals speedily become 
empty, so that the whole of the fluid is taken up by the 
pores : this, we have already seen, is the healthy condition 
of soil. If, however, tiie supply of water be too great, as 
is the ease when a spring gains admission into the soil, or 
when the sinking of the fluid through the canals to a suffi- 
cient depth below the surface is prevented, it is clear that 
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these also must get filled witli water so soon as the pores 
have become saturated* This, theHi is the couditioa of 
undrained soil. 

'^Not only are the pores filled, but the interstitial canala 
are likewise full, and the consequence is that the whole 
process of the germination and growth of vegetables is 
materially interfered with. We sliall here, therefore, briefly 
state the injurious effects of an excess of water, for the 
purpose of impressing more strongly on your minds the 
necessity of thorough draining, as the first and most essen* 
tial step towards the improvement of your soil. 

" The first great effect of an excess of water is, that it 
produces a corresponding diminution of the amount of air 
beneath the surface, which air is of the greatest possible 
consequence in the nutrition of plants ; in fact, if entirely 
excluded, germination could not take place, and the seed 
sown would, of course, either decay or lie dormant. 

Secondly, an excess of water is most hurtful, by reduc- 
ing considerably the temperature of the soil : this I find by 
careful ezperunent to be to the extent of 6 } degrees Fahren- 
heit in summer, which amount is equivalent to an eleva- 
tion above the level of the sea of 1,950 feet. So that, 
supposing two fields lying side by side, the one drained, 
the other undrained, and supposing them both equally well 
cultivated, there will be nearly as much difference in the 
amount and value of their respective crops, as if the 
drained one was situated at the level of the sea, and the 
other had an elevation as liigli as the most lofty of the 
Pentland Hills.* But besides this, and what is nearly 
equally bad, the temperature is rendered unnaturally high 
during winter; whereas it has been proved that one great 
source of health and vigour in vegetation is the g^eat 
difference which exists between the temperature of summer 
and winter, which difference amounts in dry soil to between 

* Of course the field of high elevation must be thoroaghly diained 
to equal eveik the uodrained field at the level oi the aea. 
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thirtj and forty degxeesi while iu soil very muck injured 
by an excess of water, the whole range of the themometer 
throughout the year will probably not eizoeed from six to 

ten degrees. 

*' These are the two chief injuries of an excess of water 
in soil which afPect the soil itself. There are vexy many 
others affecting the climate, fto. ; but these are not so con* 
nected with the subject in hand as to call for an explanation 
here. 

" Of course aU these injurious effects are at once over- 
come by thorough draining, the result of which is to esta- 
blish a direct communication between the interstitial canals 
and the drains, by which means it follows that no water can 
remain any length of time in these canals without, Ly its 
gravitation, findiug its way into the drains. 

" Too much cannot be said in favour of pulverising 
the soil ; even thorough-draining itself wiU not supersede 
the necessity d pexf omiing this most necessary operation. 
The whole valuable effeefcs of ploughing, harrowing, grub* 
bing, &c., may be reduced to this : and almost the whole 
superiority of garden over field produce is referable to the 
greater perfection to which this pulverising of the soil can 
be canied. 

The celebrated Jethro TuU has tihe honour of having 

first directed the f amerce attention forcibly to this subject ; 
and so deeply impressed was he with its infinite import- 
ance, that he believed the use of manure could be entirely 
superseded were this pulverising carried to a su£Scient 
extent. 

The whole success of the drill husbandry is owing, in 

a great measure, to its enabling you to stir up the soU well 
during the progress of your crop ; which stirring up is of 
no value beyond its effect in more minutely pulverising the 
soil, increasing, as &r as possible, the sise and number of 
the interstitial canals. 

*'Lest anyone should suppose that the contents of these 
interstitial canals must be so minute that their whole 
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amount can be of but little consequence, I may here notice 
khe fact, that in moderately well pulverised soil they amount 
bo no less than one-fourth of the whole bulk of the soil 
itself; for erample, loo oubio indies of moist soil (that is» 
of soil in whioh the x>OTeB are filled with water while the 
canals are filled witli air) contain uo less than 25 cubic 
inches of air. According to this calculation, in a field pul- 
vezised to the depth of 8 inches, a depth perfectly attainable 
on most soils by careful tillage, ev^iy imperial aore will 
retain beneath its surface no less than 12,545,280 oubio 
inohes of air. A familiar illustration of the space occupied 
by the spaces between the particles of loosened soil is 
afforded by the fact that when soil is disturbed it more than 
fills the space it previously occupied. 

« Taking into oaloulatLon the weight of soil| we shall 
find tiiat with every additional inch whioh you reduce to 
powder (by ploughing, for example, 9 inches in place of 8), 
you call into activity 235 tons of soil, and render it capable 
of retaining beneath its surface 1,568,160 additional cubic 
inohes of air. And, to take one more element into the 
oaloulation, supposing the soil were not properly drained, 
the sufficient pulrerising of an additional inch in depth 
would increase the escape of water from the surface by 
upwards of 100 gallons a day. 

^'The great purpose of draining being, immediately, 
the improyement of the land, but, ultimately, the promo* 
tion and improyement of yegetable production, the preoed* 
ing considerations as to the fitness of the soil for germi- 
nation may be well followed by a brief enumeration of the 
rules for the application of water to plants, whioh, as laid 
down by De OandoUe, refer — - 

''First, to the quality of the water used : that it should 
be well aerated ; the presence of atmospheric air is good, 
but of carbonic acid gas much better. The next qualities 
desirable are, that it should contain fertilising matters ; the 
water should be as little muddy as possible ; the tempera- 
ture d the water is of importance, especially for hot-house 
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plants : the water used in hot-houses is allowed to stand for 
some time before it is employed, in order that it may have 
ihe temperature of the plaoe ; it is well that other water 
employed should stand for a time in the sun* 

Second, to the times of the appHoation :^In the winter 
time there should be little irrigation, because the plants 
are then dormant, and water is then superabimdant. In 
8prmg«time water is usually abundant. In summer it is 
wanting; and at thattime the water ahonld be giyen in the 
e¥emng* 

" Third, to the quantity of water to be applied, which 
should be varied according — 

''a. To the object of the culture: — ^When for leaves^ 
more water should be given than when for flowers ; leas 
water should be given when for grains or fruits. 

h. To the depths of the roots : — ^The application should 
be more frequent to the plants of which the roots are 
superficial ; less frequent to deeper roots. 

''d. To the structure of the foliage: — Those which 
evaporate much (such as plants with large leaves), more 
frequently than perennials, or plants with thick leaves. 

To the consistence of the stalks, and of the roots:— 
Boots with fleshy fibres do not thrive if too abundantly 
watered ; at the same time they are injured by dryness* 
Tuberculous or bulbous plants, or plants with fleshy leaves, 
oan bear a long*oontmued dryness, and therefore infrequent, 
yet abundant waterings, suit them well. 

e. To the stage of vegetation : — It is important to bear 
in mind that young germinating plants require light 
and frequent waterings; those that are in the height of 
growth abundant waterings; and when the fruit or seed is 
being matured the waterings should be infrequent. Those 
that have been transplanted require abundant watering. 

To the nature of the soil, according to which these 
rules must be modified: — ^The lighter the soil the more 
frequent and plentiful must be the waterings. If it 
is a compact and clayey soil less watering wiU be required. 
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To the state of the atmoephere : — ^It will be readily 
oonoeived that the watering miut be more frequent when 

the temperature is high, the skj dear, and the air dry, and 
during drought.** 

The nature of the several Boils which we have to deal 
with will be best understood by regarding the manner in 
which tiiey hare been formed, and &e several materials of 
which they are constituted. The formation of all soils may 
be very clearly traced to the disintegration, by mechanical 
and chemical agencies, of rocks and minerals which contain 
alkalies and alkaline earths. In the mountainous districts 
of perpetual snow, the most refractory rodn are crumbled 
into fragments, which, being rounded by the action of 
glaciers, or pulverised into dust, are borne down by the 
* rivers and streams, and deposited upon the plains and 
valleys below. Some of the most remarkable proofs of the 
influence of the air, water, and carbonic acid upon the con- 
stituents of rocks, are exhibited in parts of South America, 
where the elements of the silver ores are gradually dis- 
solved and dissipated by the action of these agents in the 
winds and rains, and the metal, resisting the destruction, 

is left exposed in sharp angolar projections from the surface 
of the rock.* 

The yellow day which occurs so frequently in Denmark 
is considered by Forchammer to have been formed from 
granite, the felspar of which has undergone change, 
while tixe mica has not ; the quarts forming the sand of 
die clay. The blue days, haying no mica, appear to have 
been formed from eienite and greenstone. The great stra* 
tum of clay which occurs at Halle has resulted from the 
disintegration of porphyry. Most of the sandstones con- 
tain silicates with alkaline bases, and in the sandstone of 
the Holy Mountam, near Heidelberg, fragments of felspar 
are obsenred partly dianged into day, and visible as white 
points in the sandstone. Felspar is unable to resist the 

♦ Darwin, liiob'g, &o. 
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solvent action of water when saturated with carbonic acid. 
Clays formed by the disintegration of felspars containing 
potash are tree from lime ; those formed from Labrador 
spar, which is the principal component of lava and basalt, 
contain lime and soda. Most rocks, as felspar, Lasalt, clay, 
slate, porphyry, and the numerous varieties of tlie lime- 
stone formation, consist of compounds of silica with alu- 
mina, lime, potash, soda, iron, and protoxide of manga- 
nese ; and from the fact that most of these ingredients are 
susceptible of uniting with oxygen, the cause of the disin- 
tegration of the rocks which they constitute maybe readily 
and fairly inferred. Of these constituents, the protoxide 
of iron has a great disposition to absorb oxygen from the 
atmosphere, thus forming the higher oxide or peroxide of 
iron.* This property is indicated by the reddish brown 
colour of the rich ferruginous soils, while the black colour 
of the subsoil shows the presence of the protoxide. In the 
process of subsoil-ploughing, this protoxide frequently be- 
comes exposed, and the consequence is that the f ertiliiy is 
impaired until the protoxide is converted into peroxide, 
and the red colour becomes apparent upon the surface. 
Struve has proved by experiments, that water which is 
impregnated with carbonic acid decomposes all rocks con- 
taiidng alkalies, and then dissolves a portion of the alkaline 
carbonates. 

Soils being thus formed by the disintt gration of rocks, 
their properties are evidently dependent, first, u^mn the 
nature of the several components of these rocks; and, 
secondly, upon the efEects produced upon these components 
by the action of the air and water to which they are subse- 
quently exposed. Of the various kinds of soil, the prin- 
cipal constituents are — i, sand, 2, lime, and 3, clay. The 
hrst two of these, containing no other inorganic substances 
except siliceous earth and carbonate or silicate of lime, 
afford no nutriment whatever for vegetation. The clay or 
argillaceous earth constitutes the fructifying element in aU 
soils, and is produced by the disintegration of aluminous 

c 
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minerals, among \^'hich are the felspars, mica, &c. The 
fertilising properties of argillaceous earths appear to arise 
from their oontaming alkalies and alkaliiie eartibs, with sul- 
phates and phosphates, ingredients whieh are nerer absent 
from these earths. This valuable property of tlie argilla- 
ceous earths is also aided by the poeiiliarity of their tex- 
ture, which affords great facilities for retaining moisture. 
Vegetable life, however, requires, besides the nourishing 
properties found in the argiUaoeous earths, to be supplied 
with air and moisture, and while alumina gives no aid to 
the passage of these essentials, chalk and sand do give it 
by their mechanical formation. Hence, ' ' land of the greatest 
fertility contains argillaceous earth and other diBuitegrated 
minerals, with chalk And sand in such a proportion as to 
give free access to air and moisture."* The days are 
therefore to be regarded by the drainer as impermeable 
end retentive materials, and the sands and limes as porous 
materials ; and the infinitely varied proportions in which 
these matters are found combined in soils, determine the 
degree in which each soil will facilitate or impede the 
passage of water through it. 

• liehig. 
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Drainage of Lower-l3ring Districts. — Drainage of Upland Dutriota.— 
Arrangement of Drains. — Character of Water. 

The principal division of districts and lands, as subjects 
for watering and draining, is derived from their relative 
leyels. Tlie sources at command and methods of proceed* 
ingior high and low tracts are perfectly diaaimilar, and 
hence the natural and necessary distinction which is adopted 
as the head of this section. And as the plains and valleys 
are far more extensive in themselves than the hill tops and 
uplands, and equally superior in importance as recipients 
of the drainer's care^ it is proper to turn our attention to 
them in the first instance. 

In this first class, the Lower Districts, we propose to 
include the following varieties of surface, viz. : — ist, the low 
lands forming the margins of seas and rivers ; and 2nd, 
generally, the rall^ in which natural watercourses have 
been formed, such as rivers, streams, &o. ; 3rd, valleys in 
which lakes, or similar expanses of water, do or might exist, 
and which, with that adaptation, have a continuously curved 
or basin-Uke contour; 4th, and plains which, although they 
may have a superior elevation to adjacent districts on one 
side, are correspondingly low in relation to the hiUs on the 
o&er. The sections sketdhed in the foreground of the 
Figs. I to 4 will illustrate the relationship of levels referred 
to in each of these four varieties. 

The watering and drainage of districts belonging to the 
first of these varietiee (Fig« i) are frequently reduced to 
the sufficiently heavy taisk of getting rid of a larg^ surplus 
of water wliicli culluctsfrom the adjacent estuaries of large 

c2 
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gtreams, or Is detained in the form of evaporation from the 

surface of tlio Roa, and condensed by luw temperature. If 
the level of tiie district is above that of the sea and river- 
mouthsi surface drainage, of properly determined depth and 




Fig. I.— J>raiiuige of Low Laiuk. 




Fig. 3.— 'Dnunage of Valleys. 



extent, with ample main conducting channels, will su£B.C6 
to keep the land in a tolerably dry condition. An oppor- 
tunity yery seldom exists in snoh dis riots for tappin^^ or 

getting rid of the excess by opening a communication with 
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Fig. 3. — DrainapTO of Basins. 




ij'ig. 4. — Urainage of Intermediate i'la.ub. 



a lower and permeable stratum. Hock in some cases, and 
bog in others, usually form the inferior deposits. If the 
former, surface draining is certain of success, although the 
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construction will probably be expensiye ; but if the sub- 
stratum be bog, and its bed below the river or sea level, 
boring to lower strata is presented as the only chance of 
success. 

Eecurring to Fig. 2, p. 28, the districts there illustrated 
will require methods of drainage determined by the indi- 




Fig. s.—Dnunage of Valleys. 




Yi^. u.— Drainage of Valleys. Section. 



nation of the surface. If this be comparatiyely level, &e 
drains may be generally cut with beds parallel, or neaily 

so, to the surface, aiid aiTanged to deliver into one or more 
main drains having lower beds, but still above the low- water 
level of the river or receiving channel, and from which the 
water can be let off when tJ^e tide is down, by providing 
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sluioes suitable for the purpose. U the surface^ undulate, 

the main drains must be laid in the hollows, and the feeders 
be distributed over the higher parts, and made to com- 
municate with the mains. Small sluioes fixed at iatervalB 
both in the main and minor drains, will, by interoepting 




Fig. 7.— Junctioiiof BjminB. 




Fig. 8,-"SeGtion of Drain* 




Fig. 9.*->8eGtioiL of Drain throngh tho guard walla 

the water, permit an accumulation when desired for flood- 
ing or irrigating the higher lauds. Figs. 5 and 6 show a 
plan and section of a district of this character, a ▲ is the 
river ot receiving diannel ; b b the principal main drain ; 
and c c and d d two other main drains delivering into it ; 
each of the mains receiving the drainage from the feeders 
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or minor drains. Eig. 6 is a section supposed to be taken 
on the line z z on the plan. Two imperative rules require 

to be observed in these arrangements, viz. that all the 
junctions shall be curved, and that no two feeders shall 
enter the main drain at opposite points. If these rules are 
neglected the currents will be interrupted at these points, 
and mischief may nrise from flooding when the drains 
become tilled in wet seasons. It is also advisable, if the 
ground be of a loose texture, to guard the j auctions with a 
few rough stones piled together in the form of a retaining 
wall ; or, for greater permanence, concreted with lime and 
gravel, as shown in the plan and sections, Fijgs. 7, 8, and 
9, of which Fig. 7 is a plan, Fig. 8 a section through Ihe 
ordinary drain taken on the lino y y, and Fig. 9 a section 
tlirough the guard walls, taken on the line x x. 

If the general inclination of the surface of the dis- 
trict be considerable, it is often desirable to form catch- 
water drains, or series of drains at different elevations, 
communicating with each lower one successively by falls. 
By this method great facilities are obtained for regulating 
the management of the waters, . bo that any required quan- 
tity can be retained to compensate for seasons of drought ; 
while, moreover, the falls are applicable as water-power, 
and may be used for a variety of purposes. Fig. 10 is a 
plan, and Fig. 11 a section of a district drained in this 
manner, a a, b b, and 0 0, are the main or catch- water 
drains, each of which receives the drainage from the minor 
drains or feeders connected with it, and delivers it to the 
next lower main, through the channels aa^ hh^ and e e, 
each of wliich has sluices fitted to it, while the water fornm 
a series of falls at the points marked y. Or the water from 
the superior levels may be received in reservoirs constructed 
for the purpose and in the places of the catch-water drains, 
and there disposed of for agricultural, manufacturing, or 
domestic purposes. 

In Fig. 3, p. 29, wo have sketched an inland body 
of water, or lake, which receives the drainage of the ad- 
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jaeent districts, and to these, thus situated, the same 
methods of draining as those just described are generally 
applicable. 

The several methods of drainiitgy as already explained 
in referaioe to Figs, i, 3, and 3« are also more or less 




A 




Fig« II. — Catch- water Drains. 



applicable for districts of the kind sketched in Fig. 4, 
and also for the second class, or Upland Districts. Thus, 
the drainage from the high lands has to be received and 
collected in catch-water drains at the base of the hills, and 
means taken for combining these waters with those from 

c 3. 
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the level district, or for keeping them sep8irate, as may be 
required. Or reservoirs may be formed in connection with 
the catch- water drains, so that irrigation may not be neces- 
sarily nspended in cases of drought or deficiency of rain 
water 

Upland districts are liable (even with all the aid that 
can be rendered by economy of the natural supply) to 
suffer from an inadequate command of water. Thus if, as 
shown in Fig. 12, the surface of the district a a have a 
stratum of day or other impervious material, b b, imme- 
diately beneath it, the outer stratum will remain always 
comparatively dry, the rain and drainage waters eagerly 




Fig. 12.— Upland Districte. 



flowing downward, while the clay resists their passage into 
the subsoil. Beneath the resisting layer, however, a per- 
meable and saturated soil, as c 0, is often situated, and in 

these cases an adit drain at d, or other convenient point, 
will bring the internal water to tlie surface, and proba])ly 
aid the supply of the district with the drainage waters from 
a higher and overcharged level. Internal springs are also, 
in some cases, available for this purpose, and may be 
brouglit into use by simple and inexpensive moans. If 
these rosourcos fail, it may become desirable to apply 
mechanical power for raising the necessary quantity of 
water from a river or other reservoir at a lower level. 
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With a knowledge of soils, we may proceed to the 
arrangement of the drains required for regulating the 
supply of water to the lands o| a district This arrange- 
ment will be Taried according to the contour of the surface, 
and the position of the substrata. If this be level, and the 
texture of the soil uniform, the drains may be at once 
planned, with mains at certain intervals, and minor drains 
or feeders at right angles to the mains, and parallel among 
themselves, as shown in Fig. 13. The inclination in the 
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Fig. 13.— Dninago on the Level. 

bed of the drains, which is necessary to assist the discharge 
of their contents, must be obtained by cutting them deeper 
towards the receiving channel, as shown in Fig. 14, which 




Fig. 14.— Drainage on tLe Level, bectioju. 



is a longitudinal section of one of the main drains, with 
the feeders discharging into it. This increase of depth 
also provides the additional capacity wanted in the drains 
as the water accumulates in them. An undulating surface 

will req^uire the main drains to be arranged at the lowest 
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leyelfl^ oud the minor channela conducted into them with 
due reference to the capacity of the mainti to discharge 
their united contents. Fig. 15 is a plan of a surface of 

this kind, the lines a b, c d, and k f, showing the position 
of the lioliows in which tlie main drains are to be laid, the 
minor ones being arranged so as to divide the total dis- 
charge among the mains aa nearly equally as the nature of 




15. — Drum igo of Uadulatiu^ iSurfacts. 




Fig. i6.— 'Undulating Suxfacea. Section. 

the surface will conveniently admit. The capacity of the 

mains, as also of Iho feeders, must, of course, be deter- 
mined according to the quantity of water for which passage 
is required, and modified also by the steepness of the fall. 
If the fall is considerable, a drain of smaller dimensions 
will suffice than will be necessary if but little inclination 
cun be oLlaiuod. That part of the main drain from E to B 
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willy iu any case, require enlarged capacity, as it receives 
the entire drainage. Fig. i6 is a section of part of the 
mains, in which it will be seen that, as the surface inclines, 

the bed of the drain will have sufficient fall if laid at equal 
depth from the surface of the ground throughout. The 
drains are arranged parallel to each other, which is evi'< 




Fig. 1 7. -^Drainage of Differing Soils. 




Fig. 18. — Differing Soils. Section. 



dently a good rule where it can be obsenred, the surface 

being thus divided into equal spaces, and the drainage 
made at once perfect and simple. 

The arrangements of drains here described suppose the 
texture of the soil to be the same throughout the sur- 
face to be drained ; but if soils of different retentiye power 
appear upon the surface, it becomes essential to arrange 
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the drains with reference to the line oi junction of the 
boUb. Thufi, let Figs. 17 and 18 repment the plan and 
section of adistriot whereof the higher ground is of porous 
materials, p, overljring the clay, or other retentive soil 
(marked k), as far as the line A, D, b, where the clay first 
appears upon the surface. The water, percolating through 
the bed p, and prevented from deeoending by the day, ^wHl 
accumulate along the line a, and form a swamp unless 
got rid of. In this case, tiierefore, a drain must be laid 
along this line, while a main drain for the remainder of the 
ground, which slopes towards the brook at a, must be 
formed on the line e, d*, f. This latter drain receiyes the 
contents of the minor drains, whioli are to be laid parallel, 
as shown in Fig. 17. The upper drain, a, d, b, discharges 
into the brook o by the cross ducts a e and B f. The two 
main drains must, if the surface permit it, be laid with 
their beds dipping either way from the middle at b and n*, 
so as to insure the free passage of the drainage water. 

The general arrangement of the drains being, as already 
stated, controlled by the superficial contour and texture of 
the soil, cannot be properly determined without reference 
to the sectional strata of the district. If these consist of 
materials of various degrees of porosity, their reLative 
positions, not only on the surface, wherever the substrata 
may outcrop, but also in the section, must be regarded. In 
this kind of consideration consists one great field in which 
so much improvement has been already effected, and so 
much more may be, in the practicaL art of land-draining. 

Proceeding to an examination of tiie several yarieties of 
the structure of soils which are met with, we propose to 
consider the strata under the three leading characters, as 
exhibited in the following diagram, viz. the porous, or 
readily permeable ; the retentive, or comparatively imper- 
vious ; and tiie semi-porous, or mixed. 
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CAaracters of Stroke. 



PW008 or Perfjooti 
nuaiBed p in Seottoni. 




Sand, Oravel. fto. 



Retentive or Impervious, 
marked a iu SectioiiA. 



Mixed or partly Pervious, 
— ft il w fl M In 860lloiii» 




days, Marl, Denia 



Loam, Soil Chalk, and 
SinfiMe Sofia of mind 
ingndiants. 



This diagram, therefore, will serve as an index to the 
eeveral sequent illustrationSy numbered from 19 to 32 
inclusive. 

In Fig. 19 we have a oommon arrangement of strata, tLe 




Fig. i9.^SiizliM)e*8oil on a Porous Stvatnm. 

surface-soiL (which for its thinness need not be regarded), 

on a porous stratum, and this lying npon a retentive one. 
The method to be adopted, in this case, will partly depend 
upon the thickness of the several strata. The water fall- 
ing npon the surf aoe will saturate the supersoili and, being 
impeded by the lower stratum, will not pass away except 
by frequent drains, arranged ith regard to the inclina- 
tions of the surface. If the clay beneath be of considerable 
thickness, so that the average depth of its bed from the 
surface exceeds 5 ft., it will be economical to limit the 
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depth of the drains to the upper stratum, and thus avoid 
interference with the day. The land, however, will be 
brought into a drier condition by penetrating the day, 
with the main drains at least But, by doing so, if springs 
exist below the clay, they may thus become exposed, and 
the work of drainage thereby augmented. Borings should, 
therefore, be made along the lined of lowest surface, and 
espedally at any points where wet appears to gather, and, 
if any spi-ings are tlius detected immediately below the 
clay, they tsliuuld be tapped, that is, have communications 
opened to the drain, so that their contents may pass away 
t]irough the proper channels. 

When the porous bed is beneath the day or retentive 
bed, as shown in Fig. 20, it will be advisable to cut the 




Fig. 20.— P01011S Bed beneath day. 



drains through the clay into the lower stratum, provided 
the latter is of suffident depth to bear the water, and assist 
the drainage of the district. Supposing the entire depth of 

the lower bed from the surface does not exceed 6 ft., and it 
be desirable to economise the water for subsequent irriga- 
tion, or other purposes, it will be well to cut the drains 
completely through both strata, and thus dear off the whole 
of the Bubwater, as well as that from the immediate sur- 
face. This arrangement of strata requires the drains to be 
laid at small intervals, and of ample capacity, as the dense 
supersoil will keep all the water which falls upon it, and 
also that which reaches it from superior levels. Some beds 
of clay are of such thickness thiit no practicable drains can 
be made to communicate with the substrata. When this 
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is tlie case, the general system of drainage should consist 
of small drains laid very closely, so that the worked mass 
of clay may become thoroughly freed from au excess of 
water. 

Fig. 21 represents a similar succession of strata to those 

shown in Fig. 19, viz. the surface-soil resting upon a porous 
bed, and this upon one of a retentive character. But the 
contour of the surface is such, that the main drains must 
be formed in the middle of the section, which is the lowest 




Fig. 21. — ^Poroua Bed an Clay. 




Fig. 22. — Porous Bed below day^Goncave Surface. 



part in the case here iUustrated. The substratum of clay, 

rejecting the water, assists its accumulation at the point 
marked p, and it will become necessary to provide a draiu 
of large dimensions in proportion to the extent of the dis« 
trict to be served. If the general surface is f ayourable, it 
will be better to arrange the principal number and extent 
of drains at right angles to the section, as here . shown, 
rather than parallel with it. The main central drain will 
be thus relieved of the violence of the rapid discharges 
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whicli the steep drains would send into it, and less danger 
will accrue from floods descending from the higher lands. 

An arrangement of strata, which is very apt to discover 
springs rising to the surface, is shown in Fig. 22, in which 
the district appears to have a concave surface, with the 
porous stratum occupying the lower position. The water 
contained in the higher portions of this bed will burst 
forth at any outlets that may be formed through the clay ; 
and indeed, if the latter be not of great depth, it will 
frequently force passages for itself, and thus augment the 
lower surface accumulations, which are collected at the 
middle of the section in consequence of its form, and the 




Fig. 23. — Swampy Strata. 



density of the upper clay. Efficient drainage will, in this 
case, require that the channels intersect the porous stratum, 
and, if the depth be not too great, the beds of the drains 
should reach that of the stratum. The position of the 
drains on the plan should also be determined with a view 
to cut off the water from the gravelly bed at the higher 
parts of the section, and thus relieve the central main drain 
at K, which would otherwise become overloaded. Three 
main drains, therefore, or more, if the sides of the basin 
be of great extent, should be laid, viz. one at the middle 
of the section, and two at the higher part, on either side of, 
and parallel with it. 

In Fig. 23, the strata are represented in positions which 
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produce swamps or morasses. Thus, at the point d, at the 
foot of a porous bed, lying upon one of clay, which rises 
from that point, the accumulation of water will require a 
main drain to be laid, bounding the base of the permeable 
stratum throughout the entire district, and to have a capa- 
city in proportion to the extent of that stratum. If the 
clay be of inconsiderable thickness, the main drains should 




Fig. 25. — Swampy Strata. 



intersect it completely. In this arrangement it will be 
manifestly useless to cut channels above the point d, except 
as shallow feeders to the mains. This section illustrates 
one of the reasons of the failure of the methods formerly 
adopted of attempted drainage without consulting the 
structural condition of the soil. 

Sometimes a tongue of gravel, or* other pervious mate- 
rial, will be found to extend into and under the clay, as 
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shown in Fig. 24, in which a main drain at d, whatever 
its dimensions may bo, will not be sufficient to intercept 
the drainage water which passes through the bed, and will 
require aaiollier main at o*. In this case, indeed, the prin- 
cipal drain should be laid at this point ; otherwisey that 
portion of the district lying between d and d* will remain 
in a moist and swampy state. 




Fig. 26.— Gravel on Clay. 




Fig. 27.— Clay on Gravel. 



If, however, the position of the strata be reversed, and 
the day runs into and beneath the porous materiali as 
represented in Fig. 25, the main drain at d should, if prao« 
ticable, be cut through the day, so that the water may be 
assisted in draining from it, and keeping the space from d 
to d" in a healthy condition. At the latter point, the depth 
of the main should be such as to reach the bed of the clay, 
and prevent the water running back towards the point b, 
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in case the inclination lias a tendency to produce that 

effect. 

A patch of gravel or similar material is occasionally met 
with in the midst of a district, the surface of which, in 
other parts, consists of day, as shown in Fig. 26. In this 
case two sets of drains will be required, vis. at the points t 

D D and D'^ ; and the same remaiks as to the relative 




Fig. 28.— Inclined Surface. 




Fig. 29. — ^Inclined Surface. 



depths of these mains will apply as already made in refer- 
ring to Fig. 24. 

Fig. 27 shows a similar patch of clay running into and 

under the pravel, requiring also two sets of main drains, 
which will be more effective in proportion to tlieir deptli, 
and the mopt so if they reach the bed of the day, and 
thus prevent its injurious retention of the drainage water 
from the gravel or sand overlying its edges. 

A^'hen the general surface of the district has a consider- 
able inclination, as shown in Figs. 28 and 29, the niothods 
of drainage to be adopted will be varied according to the 
relative positions of tho materials. Thus, if the porous 
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material be above, as in Fig. 28, the main drain should be 
at the point d ; but, if the clay lie upon a stratum of less 
density, as in Fig. 29, the main should be laid at a lower 
Bituation, where it will naturally xeoeive all the water which, 
aocumulates at d, beaidea that oontained in so much of the 
lower bed as is above it. 

If a bed of gravel lie in the hollow of a stratum of clay. 




'I'ig. 30.— Gravel ou Cla>— Coucave Surface. 




Fig. si.^Olay and Gravel aHematmg. 



as represented in Fig. 30, the surface of the district will 
remain tolerably diy except at the lowest point d*, where 

the accumulation of water from the higher parts, resisted 
in its disposition to descend by the substratum of dense 
texture, will make a principal main drain of ample dimen- 
sions necessary. Auxiliary mauis are also required at d, d, 
to drain the day suzfaee above these pmnta^ and save the 
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porous bed from the saturation which will naturally occur 
unless thus prevented. 

In hiUy districts, clays and gravel are often found in 
alternate layers, which outcrop on one side of the hill, as 
sketched in Fig. 31, and render a series of main drains 
necessary at the points marked d. By these drains, the 
water which gathers in the retentive strata will be dis- 
charged at the lowest points on the surface, and prevent 
any mischievous excess on the soil. The intermediate 




Fig. 32. — Clay and Gravel alternating. 



portions of the porous materials which are exposed will 
readily get rid of their contents by percolation, and drains 
of comparatively small dimensions will be adequate to the 
efficient drainage of a section thus composed. 

Sometimes the side of a hill displays a series of alternate 
and horizontal layers, as represented in Fig. 32, in which 
case a small main drain should be laid at the exposed 
bed of each stratum, at the points marked d, d, which 
will receive the contents of each porous layer, and prevent 
any injuiious excess accumulating within the intermediate 
clays. 



eBciioN m. 

Drainiige of F» n Districts. — Ancholme Drainngo. — Sections of Drains. 
— Embankments. — Rectification of Kiv« rs. — Reclamation. — 
Diaining Scoops. — Sttjam Power. — Draintige of thu Lako of 
Haarlem. 

If the level of the dietriot be below that of the con- 
tiguous waters, it is manifestly impossible to dry the land 

without embanking. And it is necessary either that this 
work be sufficiently substantial to prevent the ingress of 
water, or that the surface of the land be simultaneously 
raised artificially until it has a superior level, or that 
mechanical means be constantly em^ Joyed to pump out the 
Hurplus water. Our own island has been preserved in its 
borders, nay, extended, by works of this class, which we 
shaU now have to notice. 

It was upon districts such as those we are now consider- 
ing lhat the art of draining was first practised. Here the 
matter Avas one of obvious necessity. In wet fields and 
moist pastures, our ancestors found no positive demand for 
improvement ; the evil was seen and recognised in its full 
extent, but the only tangible effect was to depreciate the 
value of the land, and induce a preference for districts 
where nature provided a more sufficient drainage. But on 
tlie sea-coast, and especially in the neighbourhood of the 
outfalls of rivers, the evil of neglect was too apparent to 
be disregarded ; the ocean spread over its common bounds, 
and the waters of the river, choked up with silt, passed liheir 
limits, the pasture fields became swamps— in some cases 
the land disappeared by degrees, and tlie inheritance of 
AfTOR became merged in the boundless waters. 
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The first work was to cut channels at intervals through 
the threatened district (selecting the lowest levels for them, 
"where a choice was afforded), in whioh the excess of water 
might be ooUeoted and oonduotod to a main drain out 
parallel to, or at an angle with^ the ooast or riyer; the 
transfer of the water from one to the other, and from the 
main to the sea or river, heing, when necessary, regulated 
by sluices. The earth removed from these colleoting and 
main drains, being oast up on either side of them, at once 
increased their available depth, formed bonndaries to the 
passing water, and raised causeway's for the passage of 
men and animals. Thus arose the combined arts of drain- 
ing and embanking. 

The maps of the fens of Oambridgeshire and Lincoln* 
shire exhibit a multitude of illustrations of the works here 
referred to ; but we may select those executed in one 
district as examples of the whole. This district consists of 
the lowland or level about the river Ancholme in Lincoln- 
shire, and is situated on the south side of the river Humber, 
about lo miles below its junction with the river Trent, 
containing about 50,000 acres of land. It is bounded on 
the east by a ridge of chalk hills, which extend from the 
Humber nearly 24 miles N. and S. From this ridge the 
Ancholme receives the drainage of about 100,000 acres. 
A lower ridge of oolite and sandy limestone divides it on 
the W. from the Trent Valley, and contributes to the An- 
cholme the drainage of some 50,000 acres more, and on 
the S. a low diluvial ridge divides the district from the 
Witham Yalley. The Ancholme thus receives the drainage 
of a total of 200,000 acres. The valley varies from one to 
three miles in width, and the total bulk of waters daily poured 
through the river is estimated at 140 millions of cubic feet, 
being sufficient to cover the entire level to a depth of 2^ 
inches. The principal portion of the district lies below 
tbe level of high water spring tides in the Humber, being 
in some places as much as 9 feet below that level. From 
a map of the valley published in Du^dalu, aud bearing 

D 
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date 1640, it appears that the course of the Ancholme was 
originally very tortuous, being probably enfeebled and 
choked up by the alluvial depodta from the oyerflowing of 
the Humber. At that time, however, a straight ohannel 
had been cut, extending from the Hmnber to Glentham 
Bridge (a distance of 18 miles), and several drains formed, 
leading to the new channel. Figs. 33 and 34, which are 
reduced sketches of the plan and section given by Dugdale, 
show the general direction of the old and new channels, 
and the drains as they existed in 1640. In the previous 
year Sir John Munson became the undertaker for im- 
proving the draining works of this district, having a period 
of six years allotted for their execution, and a part of the 
lands, extending to 51827 acres, assigned to him, free of all 
commons, titles, charges, interest, and demand, of all or 
any persons whatsoever. 

In the year iSoj;, the late Mr. Bennie reported upon the 
best means of completing the drainage and navigation of 
the level; and recommended that the drainage of the high 
lands should be separated from that of the low lands by 
main drains, commonly called catch -water drains, formed 
at a higher level than the others, and arranged with 
separate sluices for discharging into the Humber. This 
reconmiendation was well founded on the observation that 
the greater force and rapidity with which the waters foom 
the upper district reached the river than those from the 
lower, had the effect of driving the latter over the level, 
.the sluices being inadequate to discharge the entire bulk 
of water daring the periods while the river^tide permitted 
the sluice doors to remain open. Another and highly im* 
portant purpose which the catch- water drains fulHl, is that 
of providing a reserve supply of water which, during dry 
seasons, may be applied to the lower lands, thus promoting 
in those districts the objeocs which are usually associated 
with drainage, viz. irrigation and navigation. Mr. Benien 
had already adopted a similar system of drainage on a more 
extensive district, that of the East, West, and Wiidmore 
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Feusy near Boston ; but his Eeport upon the An^^^lmft 
loyel was not then adopted. Twenty-four years later, 
howeyer, an Aot was obtained^ vis. in 1835, for effecting 

improvements recommended by Sir John Rennie, and 
comprising the formation of the catch-water drains, as 
proposed by his father in 1801. Sir J. Bennie advised that 
the liyer Ancholme should be straightened, widened, and 
deepened, so as to double its oapadty ; that a new duice 
be formed at Ferraby, having its cill 6 feet lower than the 




35.— Level District iMuiked by ^gh Land. 



old one ; together with a new lock, 20 feet wide, so as to 
serve the double purpose of admitting larger vessels, and 
affording a greater discharge for the drainage waters 
during floods ; that all old bridges which obstructed the 
flow should be removed, and a new lock be formed 18 
miles above Ferraby sluice. These several works were 
executed accordingly, and the entire level of Ancholme has 
been conyerted into a rich arable district, capable of pro- 
ducing superior crops of every kind. Bir Johnfiennie also 

recommended the formation of reservoirs, with overtalla 
• 
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and weirs to receive tke saad and mud brought down from 
the upper part of the oountiy, and thus yte^es^t its aocninu- 
lation in the liver. 

Kg. 35 will give a general idea of an arrangement of 
drains, which will be suitable for a level district with high 
land behind it. In this ^ure, a b is the river, and c d the 
high land. B 7 a represent a catoh-water drain for reoeiv* 
ing the waters from the high land ; h a parallel main 
drain for the level, with another main diain i K. Between 




Fig. 36. — Drain of Lar^e bi2e« 




Fig. 37.^DKain of Large Sise. 

18 F«9l 




Fig. 38.~Diam of Large Size. 

the main drains the level is intersected with minor drains, 
which have a fall either way towards the mains. The 
cateh-water drain is adapted to disoharge directly into the 

river ; or by closed sluices at e g, and an open one at F, its 
contents may be directed into the main level drain at i, 
and made to assist the irrigation at the level in diy seasons. 
Slmees will be required at e, % h, i, j» and by the 
regulalion of which the water may be collected and dis- 
posed of in any manner required for the preservation and 
improvement of the district. 
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Figs. 36, 37, and 38 represent sections of drains of large 
size, adapted for works of the kind here referred to* 
Drains of these sections^ formed with a fall of 18 inches 
per mile, wiU discharge as follows: — ^Fig. 36, xo-feet drain, 
will discharge 1 1 93 '4 cubic feet per minute ; Fig. 37,1 5-feet 
drain, 2880 cubic feet per minute ; and Fig. 38, i8-feet 
drain, will discharge 4642 cubic feet per minute. 

Districts lying below the lerel of the adjacent xiveri 
or so little above it that drains of adequate capacity mnst 
have their beds below the water line, necessarily require 
artificial means of discharging the drainage waters into 
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Fig. 39. — ^Drsin next a Biyer* 



the receiving channel or river. In the low lands of Holland 
this is commonly the case, and accordingly we find the 
Dutdi were early adopters of contrivances for this pnipose. 
Fig. 39 shows the relative conditions of the drain and of 
the river into which its contents are required to be dis- 
charged. A represents the general level of the district ; 

that of the water in the drain to be discharged ; c, the 
top of embankment ; and d, the high- water level outside. 
To transfer tfie contents of the drain b into the main chan- 
nel D, it is evidently only necessary to erect npon the 
embankment pumps, buckets, or scoops, which shall bring 
the water up on the one side and discharge it on the other. 

A good section for an embankment against the sea for 
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theae warks is ahown in Fig. 40, in which a represents the 
embankment of earth ; a solid wall or dyke of puddle ; 

0, a facing wall of masonry ; d, the high- water level of the 
sea or bay ; and b, the natural bed. The form of the front 
wall must be adapted to resist the action of the waves, and 
the embankment must have an internal slope, aooording to 




Fig. 40. — Sea Embankmeut. 



the nature of the materials of which it is composed : for 
ordinary materials a base of 1*5 to a perpendicular height 
of I will insure the necessary stability and firmness. 

n the entire embankment be formed of loose stones, 
with occasional facing only of laid masonry, as in the case 




Fig. 41.— Piymonth fiteakwater. 



of the celebrated breakwater at FlymooQi, a form of less 
steepness must be adopted for the river front of the em- 
bankment. By way of illustration we may refer to Fig. 41, 
which shows a section of the Plymouth breakwater. The 
line A ▲ shows the level of high-water spring tides ; b b, low- 
water spring tides ; c, original bottom, varying from 40 
to 45 feet below low*water mark ; the foreshore ; e, sea 
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slope ; F, top, 45 feet wide. The mass of the work is com- 
posed of limestone, from tbe Oyerton qasnies, distant four 
miles from the spot. The stone is raised in bloc^ Tarjdng 

from one quarter to ten tone and upward in weight, which 
are promiscuously thrown into the sea, care being taken 
that the greater number of the large blocks are thrown 
upon the outer or sea dope, and that the whole are so 
mixed together as to render the mass as solid as possible, 
the rubbish of the quarry and screenings of lime being 
flung in occasionally to assist the consolidation of the 
materials. The form of the outer slope, below low-water 
line^ has been effected by the action of the sea, and is 
ascertained to be at from 3 to 4 feet of base to i of perpen- 
dicular altitude. From low water upward the work has 
been set artiticially and inclined at 5 to i. The inner 
slope next the land is nearly 2 feet base to i altitude. The 
foreshore shown at n, which is from 30 to 70 ft. wide at 
different parts of the work, rises from the toe of the slope;: 
to a height of 5 ft. above low water at its outer extremity, • 
and serves to break tlio waves before they reach the main 
work ; thus diminishing their force, and at the same time 
preventing the recoil of the wave from undermining the 
base of the slope. 

The several sluices, gates, &c., constructed for the 
Ancholme drainage, being of the best description, may be 
briefly described as applicable for similar works in future. 
The sluice at Ferraby consists of three openings, each 18 ft. 
wide, with oills 8 ft. below that of the old sluice, and from 
2 to 3 ft. below low water of spring tides in the Humber. 
The look is 20 ft. wide in the clear, and 80 ft. long between 
the gates, giving a clear water-way of 74 ft., with an addi- 
tional fall of 8 ft. The masonry is of best Yorkshire stone ; 
and the foundations, which are in alluvial silt and day, are 
upon piles 12 in. diameter, of beech, dm, and fir, from 24 
to 28 ft. in length, and fitted with wrought-iron hoops and 
shoes. When the piles were driven and the heads levelled, 
the oarth was excavated to a depth of 2 ft. below them, and 
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the spaces filled with blooks of ch alk rammed soundly in/ 
and gxouted with lime and saad* Oap-dlls of liemel fir, 
elm, or beeoh, 12 m. sqnare, were fitted on the pQe-heads 

and firmly spiked down, the intermediate spaces being 
afterwards filled with solid brickwork, set and grouted with 
best Homan cement. The whole was then coyered with a 
3-in. flooring of Baltic fir-plank, bedded in lime, pozaolana, 
and Band. Inverted arobe« of Bolid stonework, 18 m. deep 
at the crown, are built upon this platform, and the work 
carried upon them. Two sluice gates were provided for 
each opening in the sluice, with draw-doors fitted in a water- 
tight groove by meana of pinions of wronght iron, which 
work in screws connected with Yertical rods. These draw- 
doors are for regulating tlie navigation level (which is 
13 ft. 8 in. above the cill), and to preserve a depth of 
8 ft. 9 in. at Brigg, which is 9 miles distant, and 6 ft. 
6 in. at Haarlem Hill look, 18 miles distant. The gates 
are 8^>acting, being shut by the tide, and opened by the 
head of fresh water as soon as the tide falls below the level 
of the insido water. Four pairs of lock-gates were pro- 
vided for the lock, two pairs pointing to the sea, and of 
sufficient height to exclude the highest tides; the other 
two pairs, pointing to the land, are high enough to control 
the navigation of the level. These gates were wholly con- 
structed of the best English oak, well fitted together with 
wxought-irou straps and bolts. The lock is filled and 
emptied through side culverts in the masonry, provided 
wi^ cast-iron sluices sliding upon brass faces, and worked 
with pinions and screws of wrought-iron. The works also 
included several bridges of various spans and forms of con- 
struction. 

In the application of catch-water drains it is prefer^ 
able to discharge their contents at a higher point of the 
river, or main receiving channel, than that at which the 
lowland drains are emptied. This principle was very suc- 
cessfully adopted by the late Mr. Ilennie, in the drainage 
of the East, West^ and Wildmore Fens, boideiing on the 
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river Witham, and comprising about 75,000 acrea. The 
drain for the high land waters was made to discharge into 
the Witham, at a distance of three miles above the dificharg^e 
of the low land waters. 

The drainage of a low fenny district being arranged 
as far as the judicious selection of separate channels for the 
high and low lauds, and provision made, ^'ith sluices, ilicc., 
for their communication with each other and with the river 
at pleasure, it remains to consider the state in which this 
river must be maintained in order to give efficiency to the 
internal system of drains by whicb llie district is traversed. 
For Hi is purpose it is evidently necessary that the channel 
be adequate in dimensions and suitable in form to main- 
tain an active and suiticient current through it, and these 
conditions require a direct course and proper fall for the 
channeL If the direction be tortuous, the ^ Jecting banks 
will be washed into the bed and impede the flow of the 
current, and if the bed be on a dead level, or have an inade- 
quate inclination, the flow will be sluggish, and lend no 
assistance to the discharge. Besides these conditions, it is 
necessary that the outfall ol the river into &e sea be of 
ample dhnensions and unencumbered with shoals, bars, or 
other solid accumulations. These arise from the deposi- 
tions of alluvial matter, which is liable to be brought in by 
the tides from the neighbouring coast, and also brought 
down with the drain-water from the interior country. This 
matter remains suspended in the water until the velocity 
is diminished, which generally occurs at the entrance to the 
river, owing jointly to the reduced inclination of the river 
bed near the sea, and the resistance sufl'ered from the wind 
and waves, and it is then deposited, and by continual aug« 
mentation forms a fatal obstruction to the effidenqy of the 
current. To determine the precise fall or inclination re- 
quired for the bed of the channel, many experiments have 
been tried, but it will evidently be, to a considerable 
extent, controlled by the obstructions which may exist to 
tlie discharge of the waters. If the outfall be unimpeded, 
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4 inches or 5 inohes per nule wiU be raffiment fall, but if 

obstructions exist, in the form of old bridges, sinuosities, 
&c.; from 12 inches to 18 inches per mile will be found 
requisite. 

Among the notable works of this kind whiok have 
been ezeeated in tiiis conntry, we may mention those for 

improviiig the rivers Ouse and None.. The chief defect in 
the former existed above the town of L5Tin, where the river 
tumed almost at right angles to its general courne, and in a 
length of 5^ miles fonned a semioircLe of only %i miles in 
diameter. The channel was, moreoyer, so irregular in 
width and encumbered with shifting sands, that the tidal 
and drainage waters were unable to force a passage, and 
disastrous inundations were the results. In the year 1724 
this eyil was understood^ and a proposition made by Bridge- 
man for improving the river by Tuaking a direct tmt which 
should intercept the bend here described. Succeeding 
engineers concurred in this recommendation; but it was 
not until the year 181 7 that an Act was obtained for exe- 
cuting this important work, which was named the Eau Brink 
Out, and confided to the late Mr. Bennie. The works were 
finished on the 19th July, 1821, and have proved highly 
successful, lowering the low-water line in the river several 
feet, and completing the drainage of more than 300,000 
acres of land.* A work of similar character was executed 
in the year 1829, by Telford and Bennie, at the outfall of 
the river None, which commences about five miles below 
Wisbeach, and terminates after a length of five miles in 
the great estuary of the Wash. The benefits of this im- 
provement have been very great ; the low-water mark has 
been lowered 10 feet 6 inches, and a district of more than 
100,000 acres, formerly a stagnant marsh, has been brought 
into cultivation. 

Closely allied with the drainage of low lands are the 
operations \sj whidi their boundaries are extended, and 

• The Great Level of the Fens oontaiiis about S80,0CO acres, for- 
merly of little value, hut now lioh in 00m and oatfcle. 
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large districts aetnally reclaimed from the aotion ol tiie eea. 

This is effected hy judiciously c oiitiulling the deposit of 
the alluvial materials which are washed down with the 
drainage waters and thrown back by the tide. This re* 
quires the formation of embankments of opposing barriers, 
by which the removal of those materialB is prevented. A 
similar artificial modk) of depositing the solid matter con- 
tained in the water is practised iu the interior districts by 
surrounding them with embankments, and admitting and 
discharging the water by means of sluices and canals. This 
method has for man y years been adopted with great snccees 

iu the rivers Trent, Ouse, and Ilumbor, 

Among the earlier machines employed by tlio Dutch for 
lifting water were scoop wheels, which they worked by 
pieans of windmills, and continued to use for many ages. 




Fig. 42.— Scoop for Lifting Water, 



A form of scoop or alternating trong-li was designed by 
Sir Wm. Fairbaim, and adapted to be worked by the 
single-acting Cornish engine. Mg. 42 will serve to give 
a general idea of this contrivance, a is the bail scoop, 
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turning on a centre at b, fixed on the embankment c. The 
other end of the scoop is connected at d by a connecting- 
rod with the end £, of the engine-beam f, of which a is 
the centre^ and erected upon suitable foundations, h. i 
represents the lerel of water in the xiver, and fiie drain 
from which the water is to be discharged. The action of 
the apparatus will be evident from inspection of the figure. 
The engine employed is of the reciprocating kind, and by 
raising a weight suspended at the other end of the engine- 
beam F, the bailing seoop a desoends, and becomes Med 
with the drainage water through the opening valves at x. 
The weight having been raised to the height of the stroke, 
descends by its own gravity, and raising the end, d, of the 
scoop, discharges its contents into the river at i. This ap- 
paratus is well adapted to be worked by the single-acting 
Cornish engine, and while the length of stroke in the cylin- 
der always remains the same, the dip is regulated as re- 
quired by shifting the connecting-rod at the ends d and £. 
The scoop is made of iron boiler plates, and is 35 feet long 
and 30 feet wide, with two partitionB across it to strengthen 
the ades and i^ord bearings for the Talves at k. l%e 
machine is adapted to raise 17 tons of water at each stroke, 
and, with an engine of 60-horse power, will do a duty equal 
to 3 lbs. of coal, per horse power, per hour. 

The greatest improrement, however, effected in mecha- 
nical draining is by the employment of the steam engine 
for tills ]mrpose. In the year 1820, Rennie applied one 
of Watt's engines to the working of a large scoop wheel 
for draining Bottisham S'en, near Ely. Since that time 
large districts have been effidently drained by steam 
power; and of Hxem we may enumerate the following : — 
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TABLE TU.—DBAiirAeB bt Btbam Pawn. 





Oontaining 


Bndnedliy 


Deeping Feiii near Spalding, linooln- 


Auras. 

25,000 
3630 

6000 
28,000 

7000 

5000 
40OD 
2700 

2400 
1600 


Engines. 

2 
I 

I 

2 

I 


Hom-power. 

80 and 60 
40 »* 

40 », 
30 and 40 

60 „ 
60 „ 

40 M 
30 •» 

20 „ 

40 »» 


Marsh West Fen, Cambridgeshire . . 
Misserton Mobs, with Evorton and 
Gruingeley Carra 

(7j wind engines were employed 
u this dismot before steam was 

used.) 

Magdalen Fea, near Lynn, KoHolk . 
ll^Iarch Fen district^ Gunbridge • . • , 

Soham Mere, Cambridgeshiro 

(Formerly a lake ; the lift is here 
very great.) 



If the drainage from the high lands be discharged through 
catch-water drains, that i^m the low levels will consist 

of the rain water only, and as this seldom exceeds the 
average of 26 inches in depth per annum, of which a large 
quantity is carried off by evaporations and absoiptioni 
2 inches in depth or cubic feet of water on every square 
yard of surface is the ordinary maximum quantity to be 
lifted per month. Adopting the admitted standard of horse- 
power, viz. 33,000 lbs., raised one foot minute, and the 
weight of a cubic foot of water to equal 62^ lbs.» or 10 lbs, 
per gallon, a horse-power will raise 300 gallons, or 5*28 
cubic feet of water 10 feet high per minute. The total quan* 
tity to be raised per acre per month, viz. 7,260 cubic feet, 
may thus be raised a height of 10 feet, and discharged in 
about two hours and ten minutes. Upon this calculation, 
which Mr. Qlynn (a high and practical authority in these 
matters) has found to be supported in practice, it appears 
that a steam engine of zo horse-power will raise and throw 
off the drainage water due to a district of 1,000 acres of 
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fens in each month, in 232 hours, or less than 20 days, 
working 12 hours a day. The scoop- wheels used for rais- 
ing the water resemble an undershot water*wheel, but, 
instead of being moved by the force of the water, th^ are 
adapted for fondng the water upwaKl, deriving their motion 
from the steam engine. The float boards or ladle boards 
are of wood, and fitted to work within a track or trough 
of masonry \ they are usually about 5 feet long, that is, 
they are immersed in the water to that extent, the width 
or horuEontal dimension of them being varied, aooording to 
the power of the engine and the head of water to be pro* 
vided for, from 20 inches to 5 feet. The lower end of the 
wheel track communioates with the main drain, and the 
higher end with the river, the water of whioh is excluded 
by a pair of doors, pointing like the gates of a canal lock, 
and elosed when the engine ceases to work. The wheels 
are of cast-iron, and fitted in parts. The float boards are 
attached to the wheel by oak starts, stepped into sockets 
cast in the periphery of the wheel for that purpose. The 
wheel is fitted with cast-iron toothed segments, working 
into a pinion upon the crank shaft of the engine. If the 
level of water in the delivering drain and in the livcr does 
not vary much, one speed for the wheel is sufficient ; but 
if the tide rises to any great extent, it is found desirable 
to have two speeds of wheel work, one to be used at low 
water, and the more powerful combination to act against 
the rising tide. It is usually not necessary to raise the 
water more than 3 or 4 feet above the surface to be drained, 
and that only when the river is filled by long-continued 
rains or floods from the upland. If the main drains be 
7^ feet deep, and the floats dip 5 feet below the surface of 
the water, i foot in depth will be left below them to admit 
the passage of weeds or other matters, and the water will 
yet be kept 18 inches below the surface of the land. If 
the wheel dips 5 feet below the drain-water level, and the 
level of the water in the river is 5 feet above &at in the 
drain, the wheel will be said to have " so feet head and 
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dip/' and ehould be 28 or 30 feet in diameter. For a dip 
of 5 feet and liead of 10 feet, tliat ib, a head and dip of 

15 feet," Mr. Glynn used wheels of 35 feet to 40 feet in 
diameter. A wheel of 40 feet diameter, and situated on 
the ten-mile bank near Littleport in the Isle of Ely, is 
driven by an engine of 80 borse-power. The largest qiian- 
tity of water diseharged by one engine is from Deeping 
Fen, near Spalding. This fen comprises 25,000 acres, 
drained by two engines of 80 and 60 horse-power. The 
80 horse-power engine works a wheel 28 feet diameter^ 
with float boards 5^ feet by 5 feet» and moving with a mean 
velocity of 6 feet per second. When the engine has its 
full dip, the section of the stream is 27^ feet, aud the quan- 
tity discharged per second is 165 cubic feet, equal to more 
than 4i^ tons. These two engines were erected in 1825, 
before which time the district had been kept in a half cul- 
tivated condition (being sometimes wholly under water) by 

44 windmills. 

The land now grows excellent wheat, producing (in 1848) 
from four to six quarters to the acre. In many districts 
land was purchased by persons who foresaw the conse- 
quences of these improvements^ which they could sell 
at from £50 to £70 per acre. This increase in value has 
arisen not only from the land being cleared from the inju- 
rious effects of the water upon it, but from the improved 
system of cultivation it has enabled the farmers to adopt. 
The fenlands in Oambridgeshire and great part of the 
neighbouring counties are formed of a rich blaA earth, 
consisting of decomposed vegetable matter, generally from 
6 to 10 feet thick, although in some places much thicker, 
resting upon a bed of blue gault containing clay, lime, and 
sand. When steam^drainage was flrst introduced^ it was 
usual to part the land and bum it, then to sow rape-seed, 
and to feed sheep upon the green crop, after which wheat 
was sown. The wheat grown upon this land had a long 
weak straw, easily bent and broken, carrying ears of com 
of small size, and having but a weak and uncertain hold 
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hy its TOOt in tiid bla<^ Mil. Latterly, howerer, ohemistry 

having thrown greater light upon the operations of agricul- 
ture, it has been the practice to sink pits at regular dis- 
tances through the black earth, and to bring np the blue 
ganlt, which is spread upon the sorbioe as jnannze. The 
straw, by this means taking up an additional quantity of 
silex, becomes firm, strong-, and not so tall as formerly, 
carrying larger and heavier corn, and the mixture of clay 
gives a better hold to the root, rendering the crops less 
liable to be laid by the wind add rain, whilst the ppoduoe 
is most luxuriant and abundant. ICr. Ol3mn has applied 
steam-power to the drainage of land in lifteen districts, all 
in England, and chiefly in the counties of Cambridge, Lin- 
coln, and Norfolk, to the extent of more than 125,000 
acres, the engines employed being seyenteen in nimiber, 
of sizes varying from 20 to 80 horses, and having an ag- 
gregate power of 870 horses. The same engineer has also 
drained, by steam-power, the Hammerbrook district, near 
Hamburg, and designed the works for draining a level 
near Botterdam, which have been carried out by the Che- 
valier Conrad. In British Guiana the steam engine has 
been made to answer the double purpose of drainage and 
irrigation. Some of the sugar plantations of Demerara are 
drained of the superfluous water during the rainy season, 
and watered during the dry season. 

Fresh-water lakes of considerable extent and little depth, 
are sometimes worthy of being entirely drained for the 
sake of cultivating the site they occupy. One of the most 
recent examples of this class of works is the drainage of 
the Lake of Haarlem in HoUand. This lake is situated 
between Leyden and Amsterdam, and communicates with 
the Zuyderzee. The bottom of it consists of a rich alluvial 
deposit well fitted for agriculture. A Dutch engineer, 
popul£urly known by the name of Leeghwater," or drier 
up of water," formed a project for draining this lake in 
1623, andanotherproposal for the same object was brought 
forward at the end of the last oentuzy, when steam was 
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first employed in draining; oimilar works Iraying been 

already executed in the Beilm and Diem. The area of 
the Lake of Haarlem is equal to 45,230 acres, and its 
average depth, ahout 14 feet, the cubic contents being equal 
to 800,000,000 of tons o£ water. One part of the lake is 
13 feet under the level of the tide. The longest side of it 
is parallel to the sea, and separated from it only by a very 
narrow strip of land. Observations, continued during a 
period of 9 1 years, show that the maximum quantity of 
rain which falls upon the lake amounts to 36,000,000 
tons of water monthly. The Dutch Goremment haTing 
appointed a commission of engineers to report upon the 
best means of draining the lake, many proposals were sub- 
mitted and examined, and it was ultimately determined to 
adopt the plan recommended by Messrs. Oibbs and Dean. 
These gentlemen employed three engines for the purpose 
of draining the lake, each being of great power, whereby 
the total current cost was much less than would be incurred 
by using a greater number of smaUer engines. These 
three engines are named the ^^Leeghwater," the ''Cru- 
quius,'' and the ''Van Lynden," after three celebrated 
men of these names, who had interested ihenmelTes in the 
draining of the lake. 

Of these three engines the " Leeghwater " was first 
erected, with suitable houses and pumping machinery. The 
first step in tiiis work was to construct an earthem dam of 
a semidrcnlar form, inclosing about acre of the area 
of the lake, and adjoining its bank. The Bpaco inclosed 
by tliis dam was then cleared of water by a small steam 
engine, and the foundations for the houses and machinery 
commenced, lliese foundations consisted first of 1,400 
piles, which were driven to the depth of 40 feet into a 
stratum of hard sand. Upon these piles, and at the depth 
of 2 1 feet below the surface of the lake, a strong platform 
was laid, and upon tliis a wall, pierced with arches, was 
constructed, at die distance of 22 ft. from the intended 
position of the engine-house. Upon ^s wall a thick floor- 
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ing of oak was laid, between the wall and the engine-house. 
The pumps rest upon the platform, beneath and opposite 
to the arches, and their heads pass through the floor j ust 
described, standing about 3 feet above ita level. Into the 
space left between the engine-house and outer wall, the 
water raised by the pumps was received and discharged 




^•fi»' 43.— Haarlem Pumping EnginoA. 



from it on either side of the boiler-house, through sluice 
gates, into the canals conducting to the sea sluices. The 
general arrangement of the engine, boilers, pumps, and 
sluices will be understood from Fig. 43, in which a repre- 
sents the engine ; b, the boiler-house ; 0, 0, the pumps ; 
and D D, the sluices through which the water was dis- 
charged. The engine has two steam cylinders, one within 
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the other, united at the bottom, but with a clear space of 
in. between them at the top under the cover, which is 
eommon to both. The large oylinder is la feet and the 
Bmall one 7 ft. in diameter. The small oylinder is fitted 
with a piston, and the large cylinder with an annular piston. 
These pistons are connected by one main piston-rod (of 
the internal cylinder) 1 2 inches diameter, and lour small 
rods (of the annular piston) 4^ inches diameter each, with 
a great cap or eross-head, haying a eiroular body 9 feet 
6 inches diameter, and formed to receive the ends of the 
balance beams of the pumps. The pumps are eleven in 
number, and each of them 63 inches diameter, with a cast- 
iron balance beam tuming upon a centre in the wall of the 
engine-house, one end of which is connected with the great 
cap of the engine, the other to the pump-rod. Each pump- 
rod is of wrought iron, 3 inches diameter and 16 feet long, 
with an additional length of 14 feet of patent chain cable 
attached to the pump piston. The steam and pump pis- 
tons have a stroke of 10 feet in length ; each pump is cal- 
culated to deliver 6 02 tons of water per stroke, or 68*22 
tons for the eleven pumps. The quantity actually raised 
was foimd to be about 63 tons. The action of the engine 
is as follows : — The steam being admitted, the piston and 
great cap are thereby raised, and the pump pistons make 
their down stroke. At the top of the steam stroke a pause 
of one or two seconds is made, to enable the valves of the 
pump pistons to f aU outy so that on the down stroke of 
the steam piston they may take their load of water with- 
out shock. In order to sustain the great cap and its dead 
weight during this internal, an hydraulic apparatus is 
brought into use, which consists of vertical cylinders, into 
which water is admitted, forcing upward two plunger poles 
which sustain the cap, the water being prevented from 
returning by spherical Talves fitted at the lower part 
of the (flinders. The arrangement of the iim steam 
cylinders is adopted in order to bring the load under imme- 
diate command, the varying character of which would 
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oOierwise require oooanonal alteration of the dead weight 
to oyeroome it, which would involve great delays and in- 
convenience. By the use of the two cylinders, the dead 
weight raised by the small piston did not usually exceed 
&5 toD% the eziza power required being dariyed from the 
preBBore of the return steam at the down stroke upon the 
anmilftT piston. A sldlful regulation of the expansion and 
pressure of steam in the small cylinder thus enables the 
engine-man to provide for all cases of did^erence of resist- 
anoe without the delay of altering the dead weight. Re- 
specting the power of the Leeghwater," it appeared, 
from experiments conducted by a sub-committee of the 
Commission, that the engine would do a duty equal to 
raising 75,000,000 lbs. one foot high by the consumption 
of 94 lbs. of good Welsh ooal, and exerting a net effeotive 
force of 350 horse-power. The lift being 13 feet, the 
engine worked the eleven pumps simultaneously ; the net 
weight of water lifted being 81*7 tons, and the discharge 
63 tons per stroke. When the site of the lake is cultivated, 
the surface of the water in the drains will be kept at 
18 inches below the genml level of the bed ; but daring 
floods the waters of the upper level of the country will be 
raised above their usual height, and the lift and head will 
be increased to 1 7 feet. To test the power of the engine 
to meet these cases, the eleven pumps were worked simul« 
taneously, without regard to economy of fuel, and 109 tons 
net of water were raised, per stroke, to the height of 
10 feet. The boilers of the Leeghwater engine are live in 
number, cylindrical, and each 30 feet long and 6 feet in 
diameter, with a central £re tube 4 feet in diameter. Under 
the boilers a return flue passes to the front, and then 
divides along the sides. Over the boilers, and communis 
eating with all of them, is a steam chamLer 43 feet in 
length and 4 feet 6 inches in diameter, from which a steam- 
pipe, a feet in diameter, conveys the steam to the engine. 
The consumption of ooal is lbs. of coal per horse-power 
per bonr, when working with a net effect e^ual to tHe 
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power of 350 hones* The oost of the Leeghwater " and 
machinery was £21,000, and of <he buildings and oon- 

tingencies £15,000. It was calculated that the entire cost 
of the works for draining the lake would be £100,000 less 
than would have been incurred by adopting the ordinary 
qrstem of steam engines and hydraulic machinery, and 
£170,000 less than the expense applying the systinn of 
irindmills hillierto xnrevailing in Dntoh drainage. The 
annual cost of the three methods was thus estimated : by 
three engines, such as the Leeghwater, £4,500 ; by wind* 
mills, £61,000 ; and by ordinaxy steamoengines^ £io,ooo. 



Digitized by Google 

i 



SECTION IV. 



Open I)faiiit.^Covered Drains. — Depth of Drains.— Cheap Dralnf.-^ 
Capacity of Brains. — Cott of Diaiua. — Fkalimmary Sur? eys.~ 
Bog-Draint. — ^Implementa. 

We have now to consider the form, size, and construction 
of draiiiB which it will be advisable to adopt aooording to 
the cixoiiinBtanoeB of each case. 

The rudest form of drain is that of an open oat or 
channel in the snrface of the ground, for conveying the 
water which falls in the form of rain, or percolates through 
the materials intersected, away into some lower position, 
brook, or other reoeiyer. These open drains are distin* 
gidshed from the more complete form of underground or 
oovered drains formed by open channeb which are after- 
wards refilled, except at the lower part, along which a 
channel is preserved by one of several methods of construc- 
tion. Both of these methods appear to be of great an- 
tiquity, haying been certainly practised by the Bomans, as 
recorded by Palladius, Pliny, and others. 

The arrangement and distances apart of open drains 
have been usually determined by those of the ridges and 
furrows. Previous to the introduction of under-drain- 
ing," wet and strong lands were prepared for arable culture 
by being ploughed up into the undulating shape known as 
"ridge and furrow," the bottom of the furrow forming a 
rude drain for the water from the adjoining ridges. The 
wetness of the furrows or thoroughs," as sometimes 
called, and of the slips of land adjoining, however, occa- 
sioned the perishing of the crops, and led to the adoption 
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of shallow draiBS below the lunows, and oommonlj kept 
open with straw or brushwood. This waa termed far- 
row" or "thorough" draining. In this manner the ordi- 
nary width of the lands or ridges in each district indicates 
generally the diatance at which the drains were placed, and 
the distances now most oommonly observed in different 
districts, and on different soils, have reference to a width 
of ridge that was, or is, in use in those districts ; and it is 

a fact worthy of remark, that througlioiit the country 
the statements of the number of feet from drain to drain 
is in almost every instance diyisible (when reduced to 
indies) by eighteen, that being the space of ground in 
inches moved by a single turn of ordinary ploughing.''* 
The long-established usages of each district maybe regarded 
as indicating the requirements of that district, and the 
distance ixom furrow to furrow furnishes a kind of rude 
index of the compaxatiTe tenacity or poroaily of the soil, or 
its capadiy for retaining or transmitting water. The tabu- 
lar statement, p. 75 (as prepared by Mr. Spooner), illus- 
trates the correspondence of the distances between ridges 
and drains with the character of the soil. 

Open drains are applicable only as conductors of surface- 
water, and for strong tenacious soils. To make them 
effective in draining from the body of the soil, the depth 
necessary renders open drains inadvisable ; while in loose 
soils, the inclination of the sides which must be allowed 
in order to prevent their rapid destruction occupies a most 
extravagant surface of the land. Thej are evidently inap^ 
plioable to land submitted to the plough, by whidi they 
are almost certain to be injured or destroyed, and thus 
liave commonly been restricted to pasture-land, whence 
they have been named sheep-drains. Even as thuslimitedi 
the use of open drains is of very doubtful advisability, in- 
asmuch aa they are always much exposed to injury, and to 
have their banks trodden down and destroyed. Admitting 

• Evidsnoe d L. H. Spoomr. Biq., d fialii»esia Hooss, Looh 
Alsb. 
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TABLE yilL— BxsTANCB or Dbains apaat. 



8 

s 

ft. in. 

7 6 



t6 6 



8 0 



21 O 



24 O 



30 O 



33 o 



}6 o 



II 



12 



16 



20 



22 



24 



Some of the DietrioU 

in which the reepeiy 
tivewidUiaofaiage 



m in thdTenacioiii and uniform 



coontyofEaBex. 



Parts of Surrey, 
Soflsez, Kent, 
Middletoxi Ac. 

Parts of York- 
shire, Northum- 
berland, South 
of Seotland, &c. 

Common in the 

above and the 
Midland CSoon 
tiea, &c. 

Very oonmum in 
thd Midland 
Counties and 
tha Hishlands 



Very generally 
aaopted in thai tkm ^of dayi 



Ckneial ohartalBr oC 
tlfteSaiL 



daj. 



Drains 18 ft. or i 
rod (Scotch mea- 
sure) apart. 



Drains 21 
apart. 



Ibat 



Same as above, fine 
and iQttiing cL«yB, 
withbedaof fina iand 
intanpaned 

Clays, containing 
coarse sand and grit, 
interspersed with 
bhale and slate frag 
mania. 
Calcareous soils and 
clays, lighter than 
the above, with fre 
quent intermixtures 
of sand and gravel. 
Clavs, similar to the 
aboTa, with lottan 
aandstone rock and 
more frequent inter 
mixtures of gravel, 
&c. 

The lighter deficrip-i Drains 30 feet 

d| apart. 

ligHtar daTil day gmralf 
throughout tha) 

country. 
Parts of Berkshire, 
Herts, Suffolk, 
Cambridgeshire 

&0. 



DistUMfrom Drain 
to DialBf ineoiB!* 



7 It. 6 in., 15 ft 
21 ft., or OTary 

furrow, every 

other furrow 
ever^' third fur- 
row, i:c. 
Drains I rod a- 
part. 



Draini 24 leal 
apart. 



Same as above, and 
very general. 



Chalk districts, stone, 
brush, gravelly, and 
sandy soils, and the 
lightar daacription 
of landa, JuiatSlj 
apringxtdli. 



• • 



Drains 33 ft. or 
rods apart. 



Drains 36 ft. or 2 

rods (Scotch 
measure) apart. 
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permanent utility as an object in drain-making, it is cer- 
tain that covered drains sliould, in nearly all cases, both 
for arable and pasture districts^ be preferred to open 
ones. 

For snbnrban and road drainage, the reasons for pre- 
feiring oorered to open drains hare still greater force than 

those applicable to land drainage. These reasons are not 
only economical, but also sanitary. Open drains, present- 
ing a oommonly stagnant water surface to the atmosphere, 
produce an unwholesome evaporation* Decayed vegetable 
matter accumulates in these drains or ditches, and emits 
the most offensive effluvia. Near the metropolis there 
were many large open watercourses, which served to carry 
away flood waters, when such occur, but at other times 
the small quantity of water in these ehannels mored alugw 
gishly over their ragged beds, or lodged in stagnant pools. 
These ditches sometimes served as outfalls for the drainage 
of suburban houses, and the effluvium then became at 
times highly noxious and even fatal. The courses of these 
ditches were marked by excessive ravages of cholera among 
the adjoining population. 

In carrying out land-drainage, the open roadside ditches 
are usually found to present most serious obstructions to 
the work \ but if road-drainage were placed, as it should 
be, in proper subordination to the general system, covered 
tubular drains for the roads would of themselves effect 
considerable land-drainage, and in some districts closely 
intersected with byways and public footpaths, they would 
sometimes supersede the necessity for any other drainage. 
On a very stiff day soil a road drain mighty perhaps, not 
act more than from is to 15 feet on either side of it, but 
in freer soils a single drain would frequently serve a width 
of from I to 2 chains. These road drains, properly con- 
structed, would generally answer as excellent outfalls for 
the drainage of the land. 

The extent of evaporating surface of stagnant moisture' 
with decomposing vegetable and animal matter presented 
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by the open ditclios on both sides of a mile of road, equals 
from thzee-quarters to one acre ; that iB» by the sabstita- 
tion of coveridd drains, three-qnartera to one acre wofold 
be gained as dry road, or oultivable land for each mile of 
road, besides removing a freq^uent causa oi; accidents with 
horses and yehicies. 

Ckyvered drainsy being simply interstioial oounes formed 
beneath the auxf aoe, may be constructed in a great Tarie^ 
of ways, which may be partly determined by the proximity 
of the suitable materials. One of the simplest forms, and 
most generally applicable, consists of a layec of stones in 
the bed of the drain, which is afterwards filled up with 
the aoil taken out of it in order to deposit the stenesi as 




Fig. 44. Fig. 45. Fig. 46. 



•hown in Fig44. In these drains Aere is a liability to 

become less active, by particles of soil being forced down 
or brought into the water, and clogging the spaces left for 
its passage. If stratified stone is cheaply obtainable, the 
better arrangement represented in £ig. 45 should be 
adopted, consisting of side stones, and one coyer over 
them, leaving an open space or duct through which the 
drainage water passes of course more fluently than through 
the spaces between the stoneSi as shown in Fig. 44. 

A compound drain, composed of a layer of loose stones, 
and an artifieial duct, formed with a flat tile on the bed 
of the drain, and covered with a semi-cylindrical tile, as 
shown in ig. 46, combines the advantages of the two pre- 
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eeding' drams. This form is oommonly de&oniinatod: the 

8ole-aud-tile drain, and may, in most paints of the country, 
be couBtructed at less cost than the stone duct shown iu 
!Fig. 44. It has also the advantage of greater pennaaencyy 
being lees liable to displacement ol tke paots. In the 
drain shown in Fig. 45 , the same arrangement of stones 
over the duct may of course be introduced ; but unless the 
work is very carefully done, and the covering with the flat 
atones rendered perfect, the loose stones are liable to fall 
into Uie duot^ and thus destroy its utility. 

In days and tenacious soilS) drains such as that shown 
in Fig. 47, are sometimes formed by cutting the lower part 
narrower on each aidei and thus leaving ahoulders, on 




Fig. 47; Fig. 4S. Fig. 49. 



which a flat stone being supported, an open spaoe is left 
below, forming a natural duot or open passage lor the 
water. The permanence of this, the shoulder-drain, is 
somewhat insecure, as it depends solely upon the shoulders 
being preserved, and the qualihoation of the material to 
resist all damage to the open parts of the drain. Another 
form of rough stone drain is represented in Fig. 48, for 
which the l^ger stones are assorted, and placed in the bed 
■with a layer of small stones upon them. It must be re- 
marked of this, however, as of every rough stone drain, 
that its permanent action, depending upon the small 
spaoes left between the stones, is very liable, in the oourse 
of time, to become much impaired or destroyed by the 
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particles of soil and solid matters brought along with the 
drainage water ; and on this account, especii^yy tliese drains 
are far inferior to thoee oonstmeted with permaiieat open 
ducts. 

Fig. 49 shows a drain suitable for bog and peaty soils, 

•with which the drain is filled up, leaving an open space 
below for the passage of the water. The principal objec- 
tion to this form of construction in peat is, that the effeot 
of dry seasons is to contract the materialsi which then get 
shifted by the superincumbent weight, and sometimes 
choke the watercourse below. Por the purpose of pro- 
tecting the water-way of drains, turf is occasionally placed 
over the stones^ as shown in Fig. 50, where the water- 




Fig. 50. Fig, 51. Fig. 52. 



course is formed with three flat stones^ or otherwise tiles, 
arranged as the sides of a triangle, and leaving an open 

duct between them. This duct is covered with, a layer of 
loose stones, by which the stones forming the duct are 
kept in their places, and upon these stones a layer of turf 
is placed before filling the drain up with the soU. 

Fig. 51 represents a compound drain, haying two clear 
watercourses, and a layer of loose stones for intorsticdal 
drainage. The two courses are formed with two semi- 
cylindrical tiles, and a flat tile or sole between them. In 
all drains formed with soles and tiles, these are laid ao 
that the joints in one break with those in the other ; by 
which the joints are rendered less liable to be dislocated 
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or disturbed than they would be if the joints in the soIm 
and the tiles were laid coincident with each other. 

The most complete and undoubtedly permanent form of 
drain is that which consists of an open channel formed 
entirely of single pieces <^ tile-work or piping. Tlieee 
are now generally acknowledged to form the most superior 
drains ; and in nearly all places in this country, their cost 
will not much exceed that of the imperfect drains formed 
with loose stones. A drain o£ this oonstruction is shown 
in fig. 52, where the earthen pipe is represented of an egg- 
shaped section, and a layer of loose stones placed abo^e it. 
If drains be thus formed, the joints accurately laid, and the 
whole work carefully done, the drainage will remain in a 
perfect and imimpaired condition for a very long period. 

Drains are liable to injury by yermin, as well as yegeta- 
tion, the roots of trees, &c., acting in a yeiy injurious 
manner when their progress is interrupted by underground 
constructioua for drainage. Drains should, therefore, be 
laid apart from trees, or these cleared away before con- 
structing the drains. The liabilily to injury by vermin is 
one feature in which pipe drains are superior to all others 
constructed of seyeral parts, or depending partly upon the 
permanent position of the soil in which the drain is formed. 

The form of construction being determined, the size of 
the drains is the next object of consideration. Formerly 
drains were commonly made of small depth. But deeper 
ones haying been subsequently constructed, and consider^ 
able effioienoy in the effect obtained, a great desire has 
arisen for deep drains. In arable districts one imperative 
condition as to the depth of drains is, that the lower and 
constructed part of the drain shall be below the action of 
the plough and other agricultural implements. The stmo* 
ture, depth, and position of the strata are also droum* 
stances that will deserve regard in fixing the depth, as 
already explained at length in describing the several 
varieties of sections; and, besides these, another con- 
sideration which must be kept in mind is, the rate of fall 
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whiUdi ean be obtsined, a4xxndi]ig to tiie levels of the sitr- 
f aoe ot the district^ to aesiBt tiie diaoharge ol the ooatents 

of the drain. As a general principle, if it were impossible 
to allow all these circumstances their due weight in ar- 
riving at a decisioa as to the depth of the drains, deep 
drains are doubtless more safe and likely to be efficient 
Hum shallow drains ; but while all the facts exist, and may 
be ascertained, by which the depth should be regulated, it 
is mere blind prejudice which advocates deep drains in all 
cases and under all circumstances. 

On the depth of drains^ the following observations by 
the late Mr. Smith, of Deanston, are deserving of careful 
oonsideration :— " Estimating the thorough drainage of 
land by the cubic contents of the soil, reckoning from the 
level of the bottom of the drainage to the surface of the 
ground, can give no exposition of the agricultural effect^ 
because it has not yet been fuUy detennined by experi- 
ment or in practice how far it is beneficial to the growth 
of plants to remove the free water from the lower regions 
of the subsoil. One set of experiments over a course of 
three years has been furnished by Mr. Hope, of Fenton 
Bams* in East Lothian, from which it appears that the 
results were in f ayour of moderate depths of drains ; and 
the practice in the Fens of Lincolnshire shows that the 
most beneficial distance from the surface for the free water 
is about 2 feet. Tn dry seasons, when the water in the 
leyel ditches falls below 2 feet from the surface, the crop^ 
are found to suffer, and it is customary to dam up the 
water t() that level. Water will rise some inches in soil 
by capillary or molecular attraction ; but in such cases the 
water never fills the hssures or interstices of the soil to 
sudi an extent as to exclude the atmospheric air, but 
merely attaches itself to the surface of the particles of 
soil, and of the smalli^r colls and channels in the soil, 
where it remains available to the roots of plants, and 
without any of the bad eifects resulting from stagnant 
* free water. Until the great point can be fully and prac- 
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tically determined as to the proper distance for retaining 
a supply of water, the depth to which land should be 
drained cannot be pronounced. The rule, when ascer- 
tainedy will probably be foimd to rary with the nature 
and condition of the soil. In lemoying water falling on 
the surface, it has been found in practice, and which 
agrees with a great theory, that having the artificial chan- 
nels at near distances, and not over deep, is most e£Eective 
19 the immediate and complete removal of the free surface 
water. Distances of from i8 to 24 feet» with depths of 
from 3 feet to 3 feet have been found, over eztensiye 
tracts, and in soils of various texture, to effect complete 
thorough drainage for agricultural purposes." 

As an adyocate of deep draining, Mr. Elkington must be 
named as connected with some yezy successful experiments 
in treating land, which astonished the good farmers of the 
last century, who had been accustomed to pay very little 
attention to the improvement of their lands in this manner, 
and had been satisfied to trust the aqueous condition of 
their broad fields to the hedge-ditch and ridge-furrow. 
Mr» Elkington, having a farm called Princethorpe, in the 
parish of Stretton-ii^Jon-Dunsmore, county of Warwick, of 
which the soil was very poor, and so wet that the sheep 
rotted by hundreds, turned his attention to the best means 
of draining it. For this reason he began operations in a 
fidd of wet clay soil, made nearly a swamp, and in some 
parts a shaking bog by the springs of water which issued 
from an adjoining bank of gravel and sand. Mr. John- 
stone, who pubHshed an account of Mr. Elkington^s ' ' sys- 
tem," thus describes his proceedings : — In order to drain 
this field, he cut a trench about four jor five feet deep a 
little below the upper side of the bog, or where the wet- 
ness began to make its appearance ; and after proceeding 
with it so far in this direction, and at this depth, he found 
it did not reach the main body of subjacent water, from 
whence the evil proceeded. On discovering this, Mr. El- 
kington was at a loss how to proceed. At this time^ while 
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Le was oonsidering what was naxt to be done, one of his 
servaats aoddentallj came to the field where the dram was 
makiTig with an ixon orow or bar, which the farmers in 

that country use in making holes for fixing their sheep- 
hurdles. Mr. Elkington, having a suspicion that his drain 
was not deep enough, and a desire to know what kind of 
strata lay imder the bottom of it, took the iron bar from 
the servant^ and after having foroed it down about four feet 
below the bottom of the trench, in pulling it out, to his 
astonishment, a great quantity of water burst up through 
the hole he had thus made, and ran down the drain. This 
at once led him to the knowledge of wetness being often 
produoed by water confined further below the surface of 
the groimd than it was poasible for the usual depth of 
drains to reach, and induced him to think of employing an 
auger, as a proper instrument in such cases." 

These proceedings took place in the year 1764, and it is 
yeiy evidenti from Mr. Johnstone's account of Mr, EUdng* 
ton's discoveries, and tiie principles upon which he con- 
ducted his draining operations, as distinguished from the 
methods then in common use, that these methods were 
adopted without any reference whateyer to the leading cir- 
cumstances which properly regulate the steps to be taken* 
Thus the three leading points observed by Mr. EUdngton, 
were, 1st, finding out the main spring, or cause of mis- 
chief ; ** " 2nd, taking the level of that spring, and ascer- 
taining its subterraneous hearings," a measure never 
practised by any, till Mr. Elkington discovering the ad- 
vantage to be derived from it; " and Sid, making use of 
the auger to reach or Uf ^e spring, when the depth of 
the drain is not sufficient for that purpose,*' 

The process of tapping is evidently available only when 
the spring is fed from a higher level, so that the pressure 
shall suffice to force the water upward through the auger- 
hole. Another method is s<MQa0tunes adopted as a substi- 
tute for the auger hole or vertical bore, namely, digging a 
well of depth proportioned to the pressure, and ^llipg this 
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well with loose stones, through which the water will rise, 
and thence pass away along the drain, with the bed of 
which the well oommimicateB. Similar auger-holes, or 
wellsy may be adopted to effect the predselj opposite 
object, namely, to make a downward passage of the drain- 
age water from the drains which intersect au upper and 
clay stratum only, into a moi e porous bed beneath, in the 
body of which the water will become dispersed. 

13ie cheapest method of forming open drains in grass 
land is by turning a furrow-slice over with the plough, 
and afterwards trimming it with the spade, the lines for 
the drains being previously marked with poles; The cost 
of these drains will not exceed one halfpenny per rood of 
six yards, which is the measure we shall adopt in all eases 
where the quantity is stated in roods. This mode of operat- 
ing is inadvisable if the grass be rough and long, so that 
the plough is apt to become choked, or if swampy places 
occur. In such cases, it is far better to do all the work 
with the spade, by which the cost will be increased to 2d. 
per rood, if the drain be formed about 9 inches wide in 
the bed, 18 or 20 inches at top, and about 18 inches deep, 
whicli is a good size for the minor or sub-drains. Covered 
drains may be formed in grass-land 6 inches wide in the 
bed, 18 at top, and about 16 inches deep, at 4d. per rood, 
by cutting out the upper turf, the whole widdi across the 
out, with the spade, casting out the lower portions subse- 
quently, and then carefully replacing the turf, thus leaving 
an open space below, equal to the quantity cast out. The 
permanence of this drain is, however, very insecure ; and, 
It cattle are admitted on the surface, they will certainly 
tread the turf to the bed of the drain, and thus destroy it. 
The first cost will, moreover, neeu-ly equal that of a pipe 
drain, which needs a much narrower cut, and will remain 
permanently eificient. 

In land to be planted with forest trees, open drains are 
always to be recommended, as corered ones are certain of 
destruction by the natural tendency of tlie roots of the 
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treee to choke them in their Beaidi for moistnre dorixig dry 
seasoiiB. The main drains ahould be laid along the hoi* 

lows in the surface, and made at least 3 feet deep, with a 
flat bed i foot wide, and the banks inclined at the rate of 
\\ base to i perpendicular^ except in firm clay soils, in 
which the banks may be formed much steeper. The minor 
drains should be for days not less than ao inches deepi 
and light smLs 14 inches, with a bed in both eases 9 inches 
in width, and the inclination of the banks regulated as for 
the mains. The cost of the former will be Klxnit ijd. per 
rood, and the latter 3d. per rood. The cost of the mains 
will be in nearly the same proportion, according to the 
quantity of soil removed, llie best distance at which to 
lay the minor drains from each other will vary in extreme 
cases from 5 to 40 yards, according to the levels of the site 
and character of the soil, the retentive days requiring the 
drains doser than the lighter soils. 

A general and most important principle as to the capa- 
dty of drains of all kinds whatsoever is, that it should 
exceed rather than be deficient of the dimensions ordinarily 
required to discharge the quantity of water for which pro- 
vision is to be made. The principal use of a drain being 
to attract water towards it through the soU, besides passing 
tibe water thus collected away, its dimensions cannot be 
adequately estimated by simply considering the quantity 
to be conveyed within any given time. These dimensions 
should, therefore, be such as to present large surfaces of 
the soil intersectedi and, o&er drcnmstances being the 
same, the effidency of the drain will be in proportion to 
the extent of the surfaces, that is, to the depth of the 
drain. But, on the other hand, if the greater depth of the 
drain causes it to intersect porous strata overcharged with 
water from higher land, it will become injurious rather 
than beneftdal, and this evil will be much aggravated if 
the greater depth be admitted as a reason for the propor- 
tionate infrequency of the drains. There can be no doubt 
that, in tenadous soils, shaliow drains laid dosely are. 



Digitized by Google 



84 



DRAINAGE OF LANDS. 



within certain limits, more useful than deep drains laid 
wide apart ; but, if contiguity can be observed, the deeper 
they are made the better, in ordinary cases. 

Some reasons to gpiide the depth of drains may be 
derived from a consideration (rf the action of the soil upon 
tlie water which reaches it, as produced by its mecLauical 
structure. Thus, in lip^lit and porous soils, the force of 
gravity is active in carryiug the water to the bottom of the 
stratum ; whereasi in the dense days and soils, a certain 
capiUary action is exercised upon the water introduced to 
them, which tends to raise it from the bed, and sustain it 
in general diffusion throughout the mass. Therefore, 
while porous soils evince little or no water on the surface, 
the lower part of the layer will be kept in a state of exces- 
siye wetness if it lies upon a day bed; and, if its thickness 
be such that the roots of tlie vegetation reach the wet, the 
depth of the drains should at least equal that of the porous 
soil, so that the entire body may be relieved of the water. 
On soils of this nature, shallow drains are utterly useless, 
unless they happen to reach an impervious subsoil, and 
conduct the water into mains of greater depth. 

In arable land, the minimum dejpth for covered drains 
may be estimated upon the depth to which the plough 
penetrates, and making such an allowance below this 
depth as will secure the materials of the drain from dis> 
turbance under any circumstances. Mr. Stephens calcu- 
lates the depth of a furrow-slice with a two-horse plough 
at 7 inches ; but in cross ploughing, 9 inches. If four 
horses be used, the depth of the furrow will be X2 inches ; 
and if the four-horse plough follow the common one, the 
depth will be increased to 16 inches. Subsoil ploughing 
will penetrate 16 inches, below the common furrow of 
7 inches. Allowing 3 inches between the lowe st disturbed 
part of the eoH and the surface of the materials in the 
drain, and restricting the effectiveness of the drain to that 
porticmof it which is below ihe ploughed surf ace of 7 inches 
in depth, the ly^iniMinin depth of drains should be sudi as 
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to allow 19 inches below the fuxiow-Blice, or 26 inches 
below the suxfaoe and above the constructed portion ol the 
diaixif and so mudi more than this if subsoil ploughing be 
practised. Allowing 6 inches for the depth of the drain 

occupied by the pipes or tiles, Mr. Stephens estimates 
33 inches aa the nfiiniTnnm depth of drains in porous sub- 
soils, and 50 inches in day subsoils, with an additional 
6 inches in each case if stones are emplojed as filling 
materials in the drain. 

The size for the water-passage or duct of a drain should 
be determined by reference to a variety of circumstances, 
the combined influence of which may generally be esti- 
mated in praotioey although not reducible to any yery 
exact rules. Thus, the quantity of rain which falls t^n 
the surface has to be considered, not as an annual or season 
quantity, but as a maximum per diem. Then, the nature 
of the soil and the state of the atmosphere, as affecting the 
ratio of eraporationy require attention. Beyond these con* 
siderations, the general level of the district in relation to 
the surrounding country, by which the tract to be drained 
may be made the recipient of foreign waters, on tlio one 
handy or kept in a dry condition by tlie action of gravity, on 
the other, must be noticed. Again, the structure of the 
soil affects the quantity of the water which passes through 
it, and also the rapidity of its passage ; and the amount of 
water to be met with will be modified by the part of the 
stratum at which the drain is situated. Thus, in porous 
materials, smaller ducts will suffice in the top of the layer 
than are required below ; and the dimensions must be in- 
creased in proportion to the depth of soil above. As an 
auxiliary fact in enabling us to determine the capacity of 
the ducts of drains, the frequency of them upon the plan of 
the district will be greatly influential. 

The best evidence on these points^ viz. the dimensions 
and distance of drains, is to be gathered from the recorda 
of extended practice. In the weald-day of Kent, which is 
commonly of a vexy tenacious character on the surface, but 
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milder below, the body of the water naturally passes down- 
wards Tintil arrested by a more retentive stratumi and 
ihexefoire, the deeper the drains the more effieiently they 
win act In oth^ parts of the weald^ the soil is com- 
pounded of the supersoil or cultivated earth, and of a 
strong clay, upon which it lies. The soil admits of perco- 
lation, but the tenacious clay beneath it does not, and if 
tibis day be at aoonsiderable depth from the surface, there 
will be little utility in carrying the drains into it. la these 
strong clays, not subject to springs, drains 2^ feet deep have 
been found more efHcacious than those made 4 feet deep. 
In the heavy lands of Norfolk, the drains which answer 
best are 2^ feet deep, and laid at the distance of 22 feet 
apart. When they are made deeper, in clay in which flint 
and chalk boulders are found dispersed about, the labour 
of taking out the lower bed of 16 or 18 inches is very ex- 
pensiye, costing in that coimtry from 6d. to 8d. per rod 
of 5^ yards. In the day lands of Hampshire, the drains 
made from 30 to 36 inches in depth, and 18 to 34 feet apart, 
have bnoii found most successful. We can readily under- 
stand that, as vegetation requires a certain amount of mois- 
ture, it is possible to drain land so elt'ectually that sufficient 
moisture is not left to fulfil the purposes of cultiTation, and 
the clay soils, whidi are so reluctant both to receive and to 
discharge water, will yet suffer a slow and sure deprivation 
through the agency of deep drains, which will be injurious 
to the health of vegetation; while drains of less depth 
would have left the lower part of the stratum in a damp 
condition, and capable, by the capillary action of the soil 
itself, of supplying the entire mass with a genial moisture. 
In Lincolnshire it is a known fact, that if the water in the 
ditches is reduced to a level below 3 feet in depth from the 
surface, the g^ass-land is, in dry summers, most decidedly 
injured, tn the neighbourhood of FoUdngham, a tract of 
day land was, several years ago, drained with tiles laid 
3 feet 6 inches deep, and the surface, which was in broad 
bands with high ridges, was levelled. After a short period, 



Digitized by Google 



DIMENSIONS AND PITCH OF DRAINS. 87 



lioweyery the texture of the clay became so solid that the 
BorCaoe-water could not get down to the drainfli and it 
beoameneoeaBary to alter flie method. On the same lands, 

drains now made 18 or 24 inches deep are foimd entirely 
successful. In the neighbourhood of Newcastle-on-Tyne, 
some day lands have been drained by drains laid 2^ feet 
deep and 30 feet apart, with highly satisf aetoiy reenlta. 
In vaiions parts of Seodand, the subsoils of retentire day 
have been more completely drained by drains sf feet deep 
and 18 feet apart, than by 4 feet drains laid 36 feet apart. 
In the counties of Worcester, Hereford, &c., the best drains 
in the days are those laid from 2 to 3 feet in depth ; those 
made 4 and 5 feet deep being found far less effeotiye. Mr. 
Tebbett, of Mansfield, near Nottingham, states that the 
best way he has adopted on strong clay lands is putting the 
drains 14 feet apart and 2 feet deep ; while he Ends 
other clays that will draw at iS to 24 feet apart, and t to 
3 feet in depth for the drains. 

A kind of average scale for the dimensions an4 dis- 
tances of drains may be drawn from the experience hitherto 
had in the draining of land. Classifying the varie- 
ties of soils into three divisions, as Compact or £[eavy, 
Medium, and For on s or Light, each of whidi may be sub- 
diyided into several degrees of retentireness or porofity, the 
distanoe of the drains apart may be graduated from 15 to 
66 feet, and their dei)tli range from 2 feet 6 inches to 4 feet 
6 inches, as in the Table, p. 88, which has beei> adopted 
by the General Board of Health in their Minutef of Infor- 
mation«'* 

The cost of draining is neoessarily a them/d of deep 
consideration in the execution of any plan which appears 
likely to be most successful. The following records state 
the size and distance of the drains, the nature of the soil, 
and the total expense per aore. 

The first eight of these oases are quoted from Mr. Smith's 
(of Deanston) pamphlet. They are instannes of hard sub* 
soils, with Ules and soles. 
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N08. 9 to 1 6 are cited by Mr. J osiah Parkes, in tlie 6th 
Tol. of the Journal of the Boyal Agricultural Society/' the 
drain-pipes being supposed to be made upon the estate, and 
costiiig 6b. per thousand. The remaining oases are also 
given by Mr. Parkes in the ''(hardener's Ommide," the 
tiles being made upon the estate, and drawn by the tenants. 

TABLP] X. — Cost op Drainage. 



No. 



I. 
s. 

3. 

4. 

5- 
6. 

I 



9* 
xo. 

II. 

12. 

13- 
14. 

15- 
16. 

17- 
i8. 

19. 

20. 
21. 
22. 

*3- 
24. 

25. 



Clay 

Sandy clay 

Ditto 



(•ree stouy sabaoil.... .............. 

Ditto 

Porous 

Ditto y...^ ... 

Swd Of gnlfii.*........*. 



Uniform clay 
DHto ........... 

Ditto 



Ditto 

Clay, with some stones 

Clav. Hard gravelly Bubs^^il . 

Ditto 

Various. Clay, prravel, sand . 

riay. Gravelly bubboil 

Heavy clay 

Varioos clay 

PtroTipr '^liy 

8tn)ii;j I'lnd 

Weak blue clay 

Whitish stiibbom cl:;y 

Strong clay aud gravel 

WUtiili wiy 



Ft 

• •• 



■•• 

• «• 
• 

• • • 

3 

.3 
3t04 

4tto I 

4 

3 to 3i 
4 

, 4 
3i to 4 

~ 4 
4 
4 
4 
4 
4 
4 
4 




0 
2 



it 
& 



s 

III 



Ft. 

:i 

21 

«7 

30 

33 
33 

33 
40 

50 

4Q| 

66 

33 
36 
36 
30 to 33 

39 

30 

^6 

33*036 
36 



O 



i 



£ 8. d. £ B. d. £ 8. d. 

a IX 4 3 o ii^ s 12 

a lol'a 10 93 j4 13 

16 Q 2 3 6*14 o 
12 I I x8 xi 3 xo 



8 7 « >3 « 



5 

3 
I 

o 
o 
6 
2 
6 

•i 

2 10 



8 I 10 
4 I 7 



o 
o 
8 
o 
6 
6 
6 
8 
o 



^ 3 * 

n 2 16 
^4 2 II 



I 5 4 



7 
7 

7 
6 

5 
5 
5 
4 

7 



XI 
ZX 

II 
6 
3 
4 
4 
o 

II 



2 6 IT 



7 " 
7 IX 



8 
zi 

o 



7 
6 

9 

10 



o 10 
zo 8 

17 II 
XX 7 

«5 5 



442 
4 1.5 7 
4 X3 II 

4 16 I 

534 
448 



The several items of oost of draining a reotangnlar 
field of 20 acres, with drains 3 feet deep, and as feet apart^ 

may be averaged thus : — 



Main drain, 60 rods, at SJd. per rod for oiitting 
and filling 

Drain-pipes, 990 at 40s. per thousand . 

Hinor drains, 2261,} rods, at 4jd. por rod , , 

I>xam-pipes, 37,320, at 30s. per thoiusand . 



£ 8. d. 



2 2 

I 19 
42 8 

55 19 



6 

rt 

o 
7 



£102 9 m 



Equals £5 as. 6d. per acre. 
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The main drains are supposed to be 3 feet 6 Indies deep, 
20 inches wide at top, and 4 inches in the bed, with pipes 

4 inches in diameter. The minor drains are supposed to be 

5 feet deep^ 15 inches wide at top, and 3 inches in the bed, 
with pipes 3 inches in diameter. 

The several items of cost of draining a similar rect- 
angular field of similar soil, and prices for cutting and fill- 
ing in proportion to the sectional area of the drains, the 
field bdng, as before, 20 acres in extent, with drains 4i feet 
deep, and 45 feet apart, may be estimated thus : — 

£ 8. d. 

Main drain, 60 rods, at is. sd. per rod for catting 

and filling . . . . . . . 3 10 o 

Drain-pipes, 990 at 408. per thousnnd . . . I 19 7^ 
Minor drains, 1,109 rodb at lod* per rod for cut- 

ting and filling 46 4 2 

Drain iiipe«» 18,300 at 50a. per thousand • • 27 9 o 

£79 2 9j 

Equals £3 19s. i^d. per acre. 

The main drains are supposed to he 5 feet deep, 24 inches 
wide at top, and 4 inches in the bed, with pipes 4 inches 

in diameter. The minor drains are supposed to be 4 feet 

6 inches deep, 2 1 inches wide at top, and 3 inches in the 
bed, with pipes 3 inches in diameter. 

Mr. Smith gires estimates for drains constructed with 
reference to the nature of the soil, which may be arranged 
as in the Table given on page 91. 

Mr. Smith also mentions a district of 10,000 acres of 
stiif compact day soil in Scotland, which has been satis- 
factorily drained with drains 2 feet deep, and laid 20 feet 
apart. 

The principal circnmstanoes which determine the cost 

of drainage works are — the labour of cutting and filling 
the drains, the material of which the drain itself is formed, 
and the outlets for the disdiarge of water. Of these, the 
last increases in proportion as the ground is steep and 
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TABLE XL— Ei4TiMATB8 foe D&Am. 





Depth of Drain. 


Distance of 
Drains. 


OofkpirAfln. 


Cutting and 
Filiing. 


• s 


Chargeable 

for Mains, 
Outfalls, Super- 
intendence, &c. 


Total 




Ft In. 


Ft. 


£ s. d. 


£ 8. d. 


£ s. d. 


£ 8. d. 




3 o 


•t 


t I lO 


8 8 0 


0 i8 e 


5 I 10 


Upland clay or till, full of 
















a 9 


ai 


329 


a a 0 


ISO 


669 


Compact gravelly dfifl* with 








116 






boulder Htonep 


8 9 


H 


340 


I I 0 


6 1 3i 


Open sand and giavL'l, with 








I s a 






4 o 


4© 


360 


ISO 


S 9 *«l 


Feat moes, forming its own 














3 6 


x8 


I 4 5 


••• 


060 


1 to 5 



irregular, or unusually flat, and can only be included, in a 
general estimate, where the surface gently undulates ; the 
material also varies greatly in cost, arising, in the case of 
tiles, in the supply being near at hand, and equal to the 
demand, or otherwise ; and, in the ease of stones, in the 
distance of carriage.* The following table (XII.) supposes 
drains opened for stones (as in Fig. 48) and for pipe-tiles ; 
and at depths of 3 feet, 3^ feet, and 4 feet respectively. 
The table shows the average width of cutting for each size 
and sort, and the number of lineal yards required to equal 
a solid yard. 

Stones, as used for the filling of drains, are of two 
kinds, viz. the pebbly or round stones, obtained from the 
sea-coast, or channels of inland streams, and the fragments 
produced by breaking up stratified or other rooks, and pro- 
cured from the quarry. Of these, the former are much 
superior as tlie inatL^rials for drains, as they preserve the 
interstitial channels more permanently than the angular 
scraps from the quarry, the several projections of which are 
liable both to block up the spaces, and to be broken o£^ by 

♦ See Mr. Spooner'g evidence — Minutes of Infonnalioii,'* ool* 
l6cted by tha Qeaenl Board ol Health, 1852. 
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rammiTi^, and thus interfere very mischievously with the 
passages lor the water. As to the size ol the stones, the 
standard oommonlj prescribed, namelyy the ''size of a 

TABLE XII.*-Etniu.TBB tor Dbains. 



o 

k 

a 



C to 

Is 



.2 • 



Depth of each 
Drain. 


Width at top. 


Width at bottom. 


Average Width. 


Eunninj? yards of 
Drain to the 
cubic yard. 


Sandy Soils, 
light Loams, 

and light 
Clays ; easy 

digging. 


Stiffer Clfly 
aii'l 0 ravel, 
quiring 

piokwork. 


Hard Clay 
and close 
Soils, 

recjui: 

piocwork. 


1 

At 4d. pf^r 
cubic yard. 


At 6d. per 
cubic ya£d. 


At 8d. per 
cubic yard- 












Per 


Per 


Per 


Per 


Per 


Per 












yard. 


rod. 


yard. 


rod. 


yard. 


rod. 


fL in. 


in. 


in. 


in. 




B. d. 


8. d. 


K. d. 


s. d. 


a. d. 


s. d. 


4 o 


i8 


8 


13 


24-* 


0 2 


0 11 


0 3 




0 4 


I 10 


3 6 


i6 


8 


12 




0 


0 Q 


0 2§ 




0 3i 


I 5i 


3 o 


12 


8 


10 


3i4- 


0 if 


0 6i 


0 If 


0 8i 


0 2| 


I o| 


4 o 


i8 


3 


10^ 


2H 


0 if 


0 9 


0 2§ 


I U 


0 3} 


I 5^ 


3 6 


i6 


3 




3i 








0 io\ 




I 2 


3 o 


la 


3 


7*1 




0 of 


0 4» 


0 xi 


0 61 


0 x| 





goose's ^gt" is as good as any. At any rate, none should 
exceed 4 indies in diameter, or be less than 2 inches. In all 
cases the stones should be assorted according to size, and 
used separately. Carelessness in this respect often leads 
to the complete choking of the drain, by the smaller stones 
filling up ihe spaces between the la^er ones, and forming 
an impermeable dam across the drain. 

Mr. Robertson, of Roxburghshire, who has paid mucli 
attention to the construction of rough stone drains, adopts 
these dimensions for them, viz. 33 inches deep, 7 inches 
wide at bottom, and 9 inches wide at the height of 1 5 inches 
from the bed of the drain, which is the space filled with 
stones in the manner shown in Fig. 44, p. 75. 15 cubic 

* Tho mv^B + and — imply a small fraotion greater or leaa than 
the number stated. 

In the prices per rod, the fractional parts are redaoed to the farthings 
nsmst to them* 
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feet of stones will fill this space in a rood of 6 rnnning yards 
of such, a drain. Mr. Stirling makes his drains of this 
description, 30 inches deep in the faxrows, 5 inches wide 
in the bed^ and 8 inohes wide at a height of 15 inches from 
the bed. A rood of this drain will be filled to a depth of 
15 inches by 12*3 cubic feet of stones. Inasmuch as the 
durability and efficiency of these drains will be nearly in 







KM 


1 


. an ( 





if the means will aUow si 
of the drain somewhat wider than here stated. "Mr. Stephens 

prefers 9 inches width of bed, and 18 inches depth of stoneSi 
in a drain 36 inches deep. 

The cost of Mr. Kobertson's drains is thus stated by 
Mr. Stephens^ the drains being laid from 30 to 36 feet 
apart, and the subsoil faTonrable to drainage. The aver- 
ages of these distances gives 70 roods, of 6 yards each, of 
drains to the imperial acre. 



Opening drains 33 in. deep and 7 hi. wide at 
bottom, at Sjd. per rood of 6 yards, for 70 

roods 

Preparing etonsi 4 hi. dUmetery at 4d. per rood 
Carriage of etonee, at 4^. |>er rood • 
Unloadiiig carta, and moTing aoreen harrow, at 

|d. per rood 

Filling in earth, at |d. per rood . • • 
Estra expense in the main dndna • • 

Per acre of 70 roods • • 
Or per rood of 6 yards • • 



£ a. d* 



I 12 I 
1 6 3i 



o 4 4i 

o I si 
o 10 o 



4 17 
o I 



In another instance^ the eq^enses were as follows:— 

£ a. d. 

Opening drains 28 in. deep, and 7 in. wide at 
bottom, at 4d. per rood of 6 yards, for 70 

roods t 3 4 

Fkepatiog atonea, at 2}d. per rood • • • o 14 7 
Carriage of atonea, at 2}d. per rood . . . o 10 o| 
Unloading carts, and moving acreen barrow, at 

^d. per rood O 2 1 1 

Filling in earth, at ^d. per rood • • . • o < 5^ 

Cairiedlorwaid s 18 4 
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Bronght lorwavd £2 i8 4 
Extra ezpttnte in the main draiii0 • • • o lo o 

Per acre of 70 roods , • .384 
Or per rood of 6 yards • . • o o iif 

From these two instances, Mr. Stephens deduces Is. Id. as 
the average cost per rood, the average depth being 30^ 
inches, and he has calculated Table XIII. 

TABLE Xm. — Cost of Mb. Robbetsom'b Draxnb. 



Bvtaib to wUoh the BEitames 
uieappliOAblfi. 


! Distances be- 
tween the 

IJnillSy In JTu. 


Roods of 

Draius per 
■ — 


Ck)6t 


per, 


Aatb. 
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242 


^13 
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2 


Habd Till • . • . • 
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220 
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202 


10 
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10 
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14 
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16 


151 
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7 
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14 
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19 


127 
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li 


0 
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I 
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22 
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5 


19 
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105 
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14 


I 
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97 
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26 


93 
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10 






2/ 


90 


4 


*7 


1 






28 


86 


4 


13 


7 






29 


83 


4 


10 


4 






30 


81 
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7 


5 






31 




4 


4 


7 






3« 




4 


2 


0 






33 
34 


73 

71 


3 
3 


19 
17 


5 
I 






35 


68 


3 


14 


ir 






36 


67 
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13 


0 






37 


65 
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10 


10 


iRREovitAn Bbd8 of \ 














Gkaybl or Sand, I 
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64 
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AND IRREGULAR OPEN | 
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BocKT Strata . . > 
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61 
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In iiBing tiles and soles, as shown in Fig. 46, p. 75, 

the width of the drain in tho bed will be determined by the 
breadth of the soles. For tiles the internal diameter of 
which is from 3 to 4 inches, the soles are commonly 7 inches 
in breadth. The length of the tile and sole is of oonrse 
the same; but this length varies in different looalities. 
The Ainslie machine tiles are 15 inohes long when burnt ; 
those made by the Marquis of Tweeddale's machine are 
14 inches; but the more common length is 12 inches. 
Maohine-made tiles are in all cases much superior to those 
made by hand, being more thoroughly compreesedy and 
consequently more dense. Containing more day, they are 
e^SQ. thinner than hand-made tiles. The 15-inch tiles are 
less subject to displacement in the drain, and less handling 
is, of course, wanted to make up any given length. The 
angnlar junctions are best formed by semicircular notches in 
the sides of the tiles into which the ends of the others are 
fitted. Tiles for main drains are commonly 4 inches wide, 
and 5 inches high in the clear, and the soles 9 or 10 inches 
in width, the thickness of both being about f inch. The 
ordinary price of tiles may be taken as about 20s. per 
thousand, and of the soles, half that of the tiles, or los. 
per thousand. To the cost of the tiles an addition has to 
be made, averaging from 30s. to 40s. per acre (the drains 
being 15 feet apart), for the expenses of carriage, loading 
and unloading, &c., which expenses do not appertain to 
the common loose stone drains as last desoribed. With 
the addition of loose stones ever the tiles, as shown in 
Fig. 51, the cost will, of course, be considerably enhanced, 
as compared with that of common loose stone drains, 
nearly to the extent of the cost of the tiles, and the extra 
incidental expenses of from 30s. to 40s. per acre, the drains 
being 1 5 feet apart This will, howerer, form one of tiie 
most perfect, durable, and capacious drains that can be 
applied, and will command attention wherever these objects 
are sought with minor reference to cost. 

Tiles in the form of complete tubea or pipes are, howt 
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ever, more perfeofc iiurlariiments of drainage fhan the 

separate solos and tiles, being less liable to derangement, 
and requiring only half the handling. Pij^e-tiles, 2 inches 
in diametOTi may be bought at the works at i8s. per 
ihousandi and 15 indieB in lengdi; those inoh in 
diameter at 15s.; and i inoh in diameter at los. per 
thousand. Mr. Stephens gives the following comparative 
summary of the cost, per acre, of the three kinds of drain, 
viz., stones, solea and tiles, and pipe-tile8| the drains beings 
30 inches deep and 15 feet apart : — 

£ 8. d. 

Loose stone drains • • • • • .8 14 9 

Sole and tile drains 7 lO 

Pipe-tile drains . . . . . • •5^9 

Showing a saving by using — 
boles and tiles instead of stones, of . • .140^ 

Fipe-tOee instead of stones 360 

Pipe-tiksiiistesd of Boles and tiles . 2 t ii{ 

The late Mr. Mechi stated that his expense of draining an 
acre of ** strong clay land" (in Essex), the drains being 
40 feet apart, and average depth 4 feet, amounted to £2 93. 6d. 
To this should be added about £1 for the extra inddental 
expensea which hia eatimste doea not include, and the total 
eost per aere will be £3 9s. 6d« Without questioning the 
skill and experience of this gentleman, whose advocacy 
of thorough draining merited due appreciation, there can 
be no doubt that it would have been to his greater ultimate 
advantage to expend a little more money in wiaVing the 
drains more frequent and less in depth. 

In comparing these several methods of forming drains, 
it is perhaps scarcely necessary to state the truth, that first 
cost does not afford an adequate test of efficiency and per- 
manent economy. To obtain this, subsequent current 
ezpenaesy and the resulting condition of the soil f6r agri* 
cultural purpoaes, must also be brought into the aooonnt^ 
and will show the benefits to be derived from the use of 
pipe-tilee still more forcibly. 
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The flat Bkme drains ahown m Figs. 45 and 47 are 
eoonomioal forms of oonstniolaoiiin some looaUties, namely, 

where the required slabs are cheap and abundant. The 
shoulders, shown in Fig. 47 as being left in the soil, may be 
in soma oases better sabstituted by clearing the drain out 
level, and intiodiioii^ two slabs <rf stone^ meeting at the 
bottom, and lumng a stone wedged in between them at the 
top, the upper portion being filled in with loose stones. If 
the flat stones at the sides can be obtained 6 or 8 inches 
broad, and inches thick, at about 4d. per ton, an acre of 
land may be drained with drains 33 inohes deep below the 
erowns of the gathered-np ridges, and laid at distances of 
15 feet, at a cost of about £2 12s., exclusive of carriage of 
materials, and the ploughing by which the upper ridges 
are formed. Oonstruoted as in Fig. 47, if the ooyering 
flags can be prooored is inohes wide and 3 inohss thiok, 
at the same rate per ton, the aore may be similarly drained 

for Ss. or 9s. less. 

For the draining of bogs, the arrangement represented 
in Pig. 49 is peculiarly applicable, all the materials being 
on ^e spot, as the whole drain is refilled with the peat 
Hself, wU(^ is well known to resist &e action of water 
with impunity. Provided the cutting of the drains be 
done in summer, when the material quickly becomes dried, 
and su£^cient time is allowed between the suocesaive opera- 
tions of cuttmg and refilling to effeot the reqtdred eon* 
solidation, no better method is yet devised f6r eflPeoting 
this kind of work. The liability of the moss in the bed 
of the drain to subside in detached parts, and with great 
irregularity, is certain to destroy any arrangement of tiles, 
pipes, or other artificial materials. 

Another mode of forming drains with flie natural 
materials, called plug-draining, has yet to be mentioned, 
rather to make our list complete than for any extended 
applicability of which it is susceptible. Plug drains are 
practicable only in subsoils of very firm clay entirely free 
from stones, and which never become thoroagiily dry ex- 
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oept bj evaporstioii. Their use is farther Innited to lands 

the occupation of which is that of permanent pasture. The 
usual form of open channel being formed in the clay, 
woodeu blookB are introduced, which fit the lower part of 
the chazmelto a height of 8 or loinoheB, aadareooiiTexor 
arched on the top. Upon these blocks, or suters, or plugs, 
the clay is returned and rammed down in a very careful and 
thorough manner. The plugs are then withdrawn, or 
drawn forward^ for the formation of another length, and 
leaye an open apace or duct below for the passage the 
water. In Gloucestershire this kind of drain, s feet deep, 
lias been executed at from 4d. to 7 Jd. the rood of 6 yards ; 
but the whole of the operations have to be conducted with 
extreme care, when the soil is free from frost or much wet^ 
the ramming, moreover, requiring stout labourers^ while 
much of pipe-draining may be performed by women and 
children; and the finished work is, after all, peculiarly 
liable, like all other drains formed with natural materials, 
to the destructiYe attacks of moles and other underground 
vermin. 

These being the principal forms and constructions of 
land-drains, some notice of the successiye operations to be 

carried on, and the implements to be employed, is required 
to complete our account of the draining of districts and 
lands. 

The preliminary survey of the district to be drained 
having been made, and such indications of the nature of 

the soil as this survey affords noted, the next desideratum 
is precise information as to the relative level or altitude, 
from a fixed datum, of evezy portion of the surface to be 
drained. These levels are obtained by the spirit-level in 
the usual manner, but fhey should be so comj^eto as will 
enable us to lay down a plan of the district, with the levels 
of equal altitude marked upon it. These levels will appear 
as lines upon the map. Thus the highest point will be 
represented by a dot. The space around it, at one degree 
of aUatttde less, will appear as a continuous line encircling 
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the dot. The space which has one degree of altitade less 
thani this is represented by another encimllng line around 
the preceding, and so on, down to the lowest altitade. 

These encircling lines, called contour lines of equal altitude, 
will, of course, be more or less irregular, according to the 
superficial character of the district. They were used in the 
French Buxrej, in 1818, haying been suggested in an 
essay read before the French Academy of Sciences so 
early as 1742, and since adopted for the Irish. Survey in 
the year 1838. A precise idea of these lines may be 
formed by supposing a block of stone, of an irregular 
conical fbnn, to be immersed in a yessel of water. If the 
water be drawn off so as to lower its level equally, say one 
inch at each successive discharge, the lines on which the 
water meets the surface of the cone will be the true con- 
tour lines of equal altitude. The degree of altitude to be 
adopted lor each contour line will, of course, yary in 
amount, according to the prominence of the hills and the 
exactness required, being less in proportion as the district 
is fiat or slightly undulating. From a map thus plotted, 
combining, as it does, a true plan and infinite sections of 
the district, any yertical section can at any time be accu- 
rately pr^ared without further reference to the ground, 
while an immense advantage is obtained in the true indi- 
cation of all brooks and outcroppings of thu bubc>trata of 
the soil. 

The levels being ascertained and recorded, the observa- 
tions necessary to complete the information upon which 
the general arrangement of the drains can be determined 
have next to be made, by means of boring into and ex- 
amining the structure of the subsoil at various points of 
the district. The tools, or boring-irons, employed for this 
purpose, consist principally of the auger, by which cylin- 
drical holes are made in the soil, and their contents brought 
up to the surface; the punch, with which compact gravel 
and soft rock are perforated ready for the action of the 
auger and the chisel, or jumper, with which, by the aid 

f2 
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of sledge-hammers, the neoeasary holes are made in hard 
rooks which resist the auger and ohiseL The auger is 
from 9 to 4 inches in diametor, and about 1 5 inches long in 

the shell. Its form is that of a cylinder, with a longitudinal 
opening thronghout its length, and a sharp cutting edge or 
nose of steel secured to the entering end of it« The form 
of the punch is that of a pyramid of four sides, from 8 to 
la inches in length, and from a to 5 inches square on the 
base, which is the upper end of l^e tool when in use. The 
chisel is a flat tool, with a broad and cutting end, and is 
made of various sizes, according to the size of hole required* 
£ach of these tools has a screw formed at the upper end, 
which wiU fit rods of iron made about 3 feet long and x or 
inch square, used to lengthen the apparatus when the 
hole becomes deeper than the length of the cutting tool. 
A cross handle of wood, fitted to a tapped socket, that fits 
upon the tools and rods, is used for the purpose of taming 
the augers. 

When the nature of tiie subsoil has been ascertained by 

boring, and the arrangement of main and minor drains 
determined, the work of forming the drains is commenced 
by marking the lines upon the surface with poles, and 
driving stakes to indicate the intended position and direo* 
tion of the cuttings. A common garden line is then used 
to mark o£E the sides of the cuttings according to the width 
they are intended to liave. The ground is then rutted 
with the spade along the line, and a rut is made at each 
side of the drain. From 20 to 30 yards are thus lined out 
at each stage. The different tools to be then emplojed 
will Tary according to the structure of the subsoil to be 
removed. 

For ordinary soils, such as clays, loams, and small 
gravel, and the usual combinations of these materials, the 
common spade, the ditcher's shovel, and foot and hand* 
picks, are the tods emplojed. The ioot-pick has a cross 
handle of wood, and a Ixamp fixed at about 1 5 inches from 
the point of the tool, ou which the foot of the workman is 
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placed to drive it into the soil, and which forms a fulcrum 
on which stones or lumps of the hard dry clay are raised. 
The ditcdier'e ahoyel resembles a oommoii spade, but is 
somewliai stronger, and rounded off on eaoh side from the 
haft, forming a rounded point at the lower end. If the 
sides of the drain have a tendency to fall in before tlie 
work can be completed, they must be sustained by planks 
and short struts of timber wedged in between them. In 
(xrder to test Ae ooneot dimensions of the drain a gauge 
is useful, which oonsists of an upright stem, on which two 
or three cross-pieces are fitted to move up and clown. The 
stem being graduated, these cross-pieces may be shifted 
and fixed so as to correspond with the intended limits of 
the cutting, and applied wherever thought necessary. 

The uniformity the fall of drains is tested widi three 
staves, eacli consisting of an upright stem, and a cross- 
piece on the top fixed at right-angles, so that the form of 
the instrument resembles that of the letter T. Two of 
these stayes are made about s feet in height, and the third 
one equal to a feet added to the depili of the drain. The 
two shorter ones are held perpendicularly, one at each end 
of the drain, upon the surface of the ground, while the 
long one is shifted along the bed of the drain, and the pro- 
minent cor depressed poiuts marked for correction. Besides 
these stavea, a common mason's level, with a plumb line, 
is a -ray useful instrument for testing the inclination of 
the drains. Mr. Denton has designed a still more complete 
apparatus for this purpose, which he names the A level, 
from its resemblance to that letter in form, having a cross 
shifting limb| by which the inclination of one of the legs 
is adjusted, so that a plumb line from the apex indicates 
the intended fall, one of the legs having a sliding vernier, 
and the other having cross hairs for ranging the levels to 
the end of the drain, with a graduated stafE. 

In the formation of loose stone drains, after the stones 
axe assorted as to dase, and deposited in the drains (for 
which purpobeti Mr. Bobertson, oi Jioxburghshire, has in- 
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screen, provided with a movable tailboard), they are evenly 
distributed in the drain with a strong rake, and beaten 
down with a heavy beater, having a cross-handle for raifling 
it. The beet form of ahoveL for the stones is that known 
as the frying-pan or lime shovel, having a raised rim 
around the hinder part of it, and being made of a capa- 
cious size. 

The cutting of the drains, requiring very exact work, 
is best performed with tools fitted peonliarly for it. Thus 
the narrow drain spade produces more perfect work in 
throwing out the loosened soil, and also trimming the sides 
of the drain, than the common spade. Pipe drains, being 
much narrower in the bed than any others, are best 
finished with small tools designed for the purpose. These 
are the narrowest drain spades, made only %\ or 4 .inohes 
wide at the mouth, and having a stud or tramp in ^ront for 
the heel of the workman, to assist in pressing the tool into 
the soil. Narrow hoes are also useful in removing' small 
stones, &c., from the bed ; and for removing any wet and 
loose earth that may accumulate in it after the cutting ol 
the drain, a scoop formed like a long narrow hoe with 
raised sides is very effective, being, in use, drawn forward 
by the workman. The bed of these drains may also be 
very nicely finished and adjusted with a trowel, formed 
witih the edges parallel, and rounded only near the front. 

The objects to be attained in draining implements are 
strength, combined with lightness, and hardiness; width, 
sufficient to remove at one cut all the soil required to be 
taken out of a drain at any one part of it ; such a shape of 
the blade that it shall, when lifted, raise the earth cut, 
leaving the least possible quantity of broken earth to be 
removed subsequently. Spades of various widths are 
needed for cutting the parts of a drain, so that it shall be 
finished with a regular tapering section with a top width 
sufficient to enable the drainer to work in it, and a bottom 
width only equal to receive the p^aterial to be deposited. 
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Many implementB haye been introduoed of Tarions shapes, 

and some of them possessing considerable merit ; but we 
have space here to notice only the two principal sorts of 
drain spades, which have been found in practice superior 
to all others for working in oommon soils, and of increased 
superiOTity in proportion to the difficulty which the mate- 
rial to be excavated presents to ordinary operations. Of 
these, the '*Markly spade," introduced by Mr. Darby, is 
admirably formed for removing the lowest 16 or 18 inches 
of a drain, and has proved its superiority in shape and 




53- ^'ig. 54- l? ig- 55- 



make "as adopted for cutting through and lifting out a 
hard gravel or rocky bottom. 

^^S^- 53> 54» ^d 55, represent a kind of spade origi- 
nally used in Kent, and since introduced into Boss-shire 
and other parts of Scotland, where it has been found to 
improve the method of cutting the drains, and also to 
cheapen their formation to a material extent. With 
such implements as these, a drain xo to la inches wide 
at top, 3 inches wide at bottom, and 36 to 40 inches 
deep, may be opened by a single cut from each of these 
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aizes.* Drains 40 to 48 incHes deep xeqnire a double 
cut in width aad depth with the largest oi the three 
spades. 

Bog drains are formed with some tools of peculiar form, 
which may be noticed. Thus the surface turf is out along 
the lines of the intended drain with an edging iron of a 
cresoent-like fonn, and sharpened sound its outer edge. 
For cutting the turf out, a broad-mouthed shovel is used. 
The moss, being cut into square peats with this shovel, is 
lifted from the drain with a three-pronged fork made for 
the purpose, or if footing be found for the workmen, the 
peats may be neatljcut from the bed, and thrown out with 
spades fitted with the handle at a large angle to the spade, 
which may thus be conveniently used in a horizontal 
position. 

In soils where peat is plentiful, this material is some- 
times cut or compressed into form, and baked, so as to 
constitute open ducts when laid together in tiie drain. 

Mr. Calderwood, of Ayrsliire, introduced, some years ago, 
a tool fitted to cut peats into a massive semi-cylindrical 
form by one cut, and without any waste of material, the 
hollow in one peat fitting the exterior of another. It is 
said that one man accustomed to the work can cut from 
2,000 to 3,000 of these peats in a day. They are afterwards 
dried in the sun, and stacked till required. Several highly 
ingenious machines have been invented for forming peat 
tiles, and also for moulding the pipe tiles of clay of various 
forms, to secure ready and accurate joints, by which im* 
provements the cost of production has been wiQiin late 
years most materially reduced. 

Some part of the work of cutting drains has, at various 
times, been attempted with ploughs of difPerent forms and 
construction, fitted, wherever they are applicable, to effect 
some economy in the cost of labour for the work. Ploughs 
to facilitate the cutting of drains have been in use for 

* Mr. Spooner's evidence— Minntfle of Information/* coUeoledby 
the Ctenena Botird of Health, 1852. 
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many years in districts where aUuyial olaj s prevail, and 
when used, they have been found to economise the cost of 
drainage considerably ; but owing to the great number of 
hoTBes (from 8 to 12) required to work them, and the diffi* 
ouliy first experienced by ordinaiy f ann-Bervaiits in trying 
to manage so many horses and such large implements^ the 
use of them bas been heretoioro mucii leblricted. 
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ADDITIONAL SECTIONS ON DRAINAGE 

OF LANDS. 

By D. K. CLAEK, M.Inst.C J;. 

I. — Rivers. 

BiVBBs, with their tributaiy biooks and rills, are the 
natural drains of land surfaces, carrying out to sea the 

water discharged from tlie land after evaporation has done 
its work, either directly off the surface, or that which, after 
percolating through porous strata to an indefinite depth, is 
again discharged at the surface as springs. These are the 
natural outfalls of underground dndnage. As the supply 
in any given district fluctuates, so also does the outflow ; 
but in a vast river system, like that of the Mississippi, the 
area of drainage is so extensive as to embrace many dif- • 
Jeateat conditions of dimate and rainfall, and to furnish a 
discharge which is in a great measure independent of local 
variations, and is practically uniform. In English rivers, 
on the contrary, the quantity of flow varies very much with 
the local rainfall ; but as they derive their supply also 
from springs, they continue to flow in dry weather. 

The disposal of the rainfall varies according to condi- 
tions, as already discussed, page 5, ftc. The proportion of 
the rainfall that flows into and supplies the rivers appears 
generally to vary from one-third to one-fourth, although 
in mountainous districts, having a large rainfall and a 
short distance from the sea, the proportion which returns to 
the sea must be much greater. According to the results 
of Mr. Bateman's observations for seven years in the Loch 
Katrine district, a rainfall of 87^ inches at the head of the 
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loch, over a drainage basin of 71^ square miles, yielded an 
ontflov of 8170 inches. It is oertain that the effect of 
nnder-dnining has been in many cases to diminish the flow 

of rivers in dry weather, and to augment it in wet weather : 
80 increasing both the droughts and the floods. 

The general subject of the treatment of rivers extends 
beiyond the mere question ol drainage, and readers are 
referred to the chapter on rivers in the rudimentary trea- 
tise on Civil Engineering," 18S1. 

II. — LiVNDs ioii Drainage. 

The lands requiring to be drained may be divided gene- 
rally into two classes :—flrsty the snrdiiarged free or 
porous soils ; and secondly, the absorbent retentiTe soils, 
known as impervious clays. The free soils are subject to 
natural though slow drainage before they are artificially 
drained, by percolation from a higher to a lower level, the 
discharge from these being the springs which burst from 
the lower outcrops to feed the natural channek. The 
day soils in their undrained state only release the water 
they absorb by evaporation, the little water that is not 
evaporated oozing into the free soils and the porous wells 
with which they are in contact. 

The total extent of wet lands drained, or capable of im- 
provement by draining, in Great Britain is, according to 
Mr. Bailey Denton, estimated at 22,800,000 acres, out of 
the total area of 56,352,000 acres. The extent of land 
permanently drained did not, in 1861, reach 1,500.000 
acres, bo tlutt there remained undrained about 21,300,000 
acres. The extent of the free soils drained or requiring 
draining is about 12,000,000' acres out of the 22 800,000, 
leaving about 10,800,000 acres of clay land. These quan- 
tities indicate the magnitude of the field to which under- 
drainage is gradually extending itself, and for which pro- 
vision must be made in the main arteries and outfalls. 

The free soils are farther distinguished from the days, 
by the rules practically recognised in the operations of 
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imder-drainage. The free eoils sre tuBoeptible of drainage 

by deep di-ains at wide and irregular distuncos ; the number 
of drains being governed by the depth at which they are 
constructed, and their position by the form of the gronjid 
and speoial oondition of lubaoil, te0i>lLole(i being the best 
index to suoceeaful and eoonomical drainage. For the 
clays, on the contrary, the whole soil must bo uniformly 
drained, and be thoroughly aerated by frequent drains, to 
overcome as much as possible its retentive properties. 
Teetrholesy it is found, in many kinds of days are no cri- 
terion of the effect of nnder-drains, and they cannot be 
used as guides, as they are in free soils. The mere "grid- 
iron" of drains, represented by the lines on a map of 
a clay soil, are fitting to the soil. But for wet free soils, 
the extent of which in Great Britain is about equal to that 
of the days, edentifio skill is required for the proper dis- 
position of the drains. It is not required in saoh boiIb to 
multiply drains to overcome excessive retentiveness, but it 
is required to reduce the water-level through percolative 
matter, and to let off, carefully and gradually, l^e rain 
whidi falls upon the surface and the water which gravi- 
tates through adjacent land into sudi soils. Not to extract 
it too freely, but to remove the evil of stagnation, and to 
discharge the water into the rivers with as little disturbance 
to the arterial system as possible. Not to gridiron each field 
as a separate work, but to regard each yalley or area of satu- 
rated free soil as sub j ect to a system of drainage capable both 
of overcoming stagnation and of increasing the perennial 
water supply. It is not possible to remove surplus water from 
days too quickly, but it is quite possible to remove it too 
ra]E^d]y from free soils. In fact, the more gradual the action 
of drainage, ^ o long as the water is kept moving, the better 
for this kind of land, and the less derangement of the 
arterial system would be the consequence. When once 
drained," says Mr. Bailey Denton, ^^tbe surcharged free 
soils partake of the same diaracter as those whidi are 
naturally dry, and they are equally capable of absorption 
and percolation, the only dlEerence being the depth of the 
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subterranean water-lerel, which, in the case of the higher 
chalk and the sand f onnationB, smka beyond the reach of 
evaporation, but which in the case of drained lands, though 

lowered by the operation of draining, remains within 
reach. The clays, on the contrary, though rendered capable 
of rapid filtration by under-drainage, still possess their 
peculiar powers of retention and expansion, which limit 
their capabilities of absorption, and cause them to resist, 
more or less, according to the state of the surface, the 
admission of falling rain as rapidly as the free soils. The 
free soils which sufPer from wetness should be understood 
to indude the drifted and aHuvial beds^ which cover the 
impervious older strata, as well as the outcrop of the water- 
bearing strata at their lower levels. Percolation and 
evaporation are ever more or less at work on these soils, 
* and the breadth of injurious wetness is determined by the 
extent of land, the under-water of which is tributary to, 
and shows itself at, the saturated outcrop, and the incli- 
nation of the impervious base upon which the saturated 
soil rests." 

Wet free soils include gravels, sands, peats, loams, and 
evexy kind of mixed earth. CHays various density are 
frequently found mixed with the drifted free soils. The 

clays are called inarLs, loams, and gaults ; and whenever 
any soils exist with a proportion of one-tenth of argil- 
laceous matter in their constitution, they are to be treated 
« as days. 

The composition of free and day soils on the Hinxworth 

estate, at the bottom of the northern escarpment of the 
London haein, was determined by Professor Way as fol- 
lows : — 



Ihree or mixed ioil 

Moistare and organic matter 

Sands and clays 
Silica soluble in acids • 
Oxide of iron . « , 
Phosphate of lime • . 
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Qault clay : — 

Moisture and organic mattflr . 

Sands 

Clay 

OuDoiiato of linw • • • 



in. — Abtkrial DBAnrAOS Aim tTuBBB-DRAXXAoa. 

The drainage of land is distinguiBhed as superficial or 
arterial drainagei as it is called, by the medium of streams 
and riTen ; and uzidex^drainage, or diamage below the 
surf aoe bj meaoB of pipes or other meaxiB ol oommoni- 

cation. 

Upwards of fifty years ago, in 1834, Mr. James Simp- 
son drew attention to the fact that insufficient attention 
had been paid^ in the majority of instances, to the qneetion 
of outlall, as single farms, and even single fields, could be 

operated upon at the pleasure of the owners and occupiers- 
** The experience of recent wet seasons," he says, has 
proved that large tracts of upland have been drained, to 
the detriment of lower levels. It has also become evident 
that arterial drainage in many agricoltural districts de- 
mands more attention than it has hitherto received, and 
that the trunk lines, or the principal watercourses, and 
the fields contiguous to them, will be liable to be as con- 
stantly flooded in wet seasons as they have been during 
the last two years (1852 and 1853), ^ great injury of 
the pasturage, and the serious detriment of all farming 
operations in low lands, if measures for the arterial drainage 
and for the improvement of the trunk lines, or principal 
watercourses, continue to be disregarded. The obstruction 
of brooks and streams, arising from milldams, and from 
artificial as well as natural weirs, applied to exclusive 
uses, and to the irrigation of j)articular and comparatively 
unimportant properties, are too frequently maintained to 
the disadvantage and injuxy of large tracts of land." * 

« S€6 *<lfliintM of Pfooaediiig%" Iniititiitioii ol avfl Eoginaen^ 
voU juLy page sea • 
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There was scarcely a district in this country hut where 
either the lands oould not be drained at all, or they were ia« 
jnxiouflly affeoted byilie dninage of tjie lands abore them. 
In the first ease, for instanoe, disabled districts were 
situated between the sources of streams on the one part 
and the natural outfall on the other part, so that the 
owner of an estate so situated could not legally straighten 
or deepen the stream or river running through the estate, 
and therein drain his land, because he would by so doing 
mundate his neighbours' land lower down the stream. In 
many cases a single person who was unwilling to drain his 
property might prevent any improvements by adjoining 
owners, however much they might desire them. 

Subterranean or pipe-drainage has generally been 
adopted as the first step in the improvement of land. So 
far as it has been applied, it has largely augmented the 
quantity of water flowing in field-drains and ditches, which 
are better cleared out^ and in rivers, brooks, and streams. 
The water in oonsequenoe is disoharged in a shorter time 
than before, giving rise more frequently to floods, the 
courses of brooks and streams being, in numerous instances, 
insufficient to convey away the large volumes of water 
which are suddenly discharged into them. At other times 
the rivers and streams contain less water than before sub- 
drainage was effected: not even, in many cases, sufficient 
to supply the ordinary demands of the ooimtry or of the 
towns dependent upon them. It may be imagined that, as 
the water faUing upon the surface of undrained land can 
now be run off, in the course of a few days, to the arterial 
drains and outfalls, instead of slowly trickling through the 
soil, how imperative it is that provision should be made to 
carry off water in the most direct and efficient manner, 
and that ample allowance should be made for much larger 
flows of water. 

In brief, the points which immediately concern tlie 
engineer in settling a scheme of arterial drainage and out- 
fall, are the straightening and deepening of internal as 
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well as tidal rivers, in order to provide uniform inclinations 
from the sources towards ike outfalls. The gradients 
should be adopted with w^kA to the nature of the soil 
through which the riTers flow, to obviate die soouring 
action of the water on the banks and the bottoms of the 
streams. It is also necessary in many cases to reconstruct 
bridges and culverts of sufficient capacity to meet the 
augmented flow, and to provide reserroirs and other works 
for storing the field drainage, so as to maintain a constant 
minimum supply to the dhannels of rivers, and for irriga- 
tion of adjoining lands, and supplying cattle in dry seasons, 
for small water-wheels, and for the supply of towns and 
villages which, in many cases, may otherwise be Eiltogether 
deprived of supplies by any complete system of drainage. 

The formation of shallow rather than deep surface drains 
should bo encouraged in nearly all kinds of soils. The 
system of banks on the sides of shallow drains may be 
advantageous in localities where sudden floods occasionally 
occur, so as to minimise excavation and waste of land. 
These banks and the spaces between tiiem and the rivers 
are available for pasturage. 

The outfalls of rivers, of course, are differently affected 
by draining. The river Thames, having a low rate of fall, 
remains long^ in flood than it did when the lands were but 
partially drained; for, when the lands had been thoroughly 
drained and became saturated by continuous rain, the drains 
would pass off water more freely, and thus augment the 
volume of the river. The same effect may be produced in 
every river having, like the Thames, a low rate of fall, 
and it is only in rivers of tibat dass tiiat attention to the 
outfall is required. Taking, for contrast, the case of the 
river Tweed, which has a rapid fall, and passes through 
a district which in general has been thoroughly drained, 
the floods are not so high as they were flfty years ago, 
although they both rise and fall more rapidly than they did 
formerly. GSiese are the imjKntant results of the general 
introduction of under»drainage, noticeable in the case of 
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Oiu rirer : — tiie water now peroolating to the dninfl, the 

surface soil is not waslied awav from the land into the river, 
and, consequently, the river, during floods, is less charged 
with mud, and hence there is less deposit carried to the 
xiTer's month to fonn bars and impedimentt to shipping. 

Yet it must be acknowledged that snbtenanean drainage 
often has the effect of increasing the magnitude ol floods, 
particularly in the case of prolonged rainfall. Many 
bridges which had stood for ages without injury have been 
washed away by floods, and it is an ascertained fact that 
in nearly all districts, from some cause or other, the floods 
have greatly increased in volume, and the flow in dry 
weather lias as perceptibl}'' diminished. Water-millers have 
concuiTed in opinion that the extension of sub-drainage has 
had the effect of increasing the severity both of the floods 
and of the drougbts. 

It is stated by Mr. Bailey Denton, as the result of ob- 
servations reaching over many years, that the length of 
the discharging period of imder-drains has been found to 
depend, not so much on the duration and the quantity fall* 
ing during the immediate period of discharge, as on the 
wetness of the preceding seasons. If the preceding winter 
has been subject to an ordinary ruiuiaii, and the summer 
has been dry, as in 1859, with active evaporation, the dis- 
charge of the main drains will commence late in the 
autunui ; whereas if a wet winter is succeeded by a wet 
summer, like that of 1860, it is possible that the nnder- 
drains may not cease runuing during the whole year. Under 
ordinary conditions, tlie under- drains of the free soils will 
begin to discharge in the month of October, or the begin- 
ning of November, and those of the days in the end of 
November, or the beginning of December. The difitorenoe 
of time is no doubt due to the absorbent qualities of clays, 
by which they seize, and to their retentive powers, by which 
they hold, the hrst water which reaches their inner masses, 
whereas the free soils, not possessing the, retentive pro- 
perty in anything like the same degree, allow any excess 



Digitized by Google 



114 



DRAINAGE OF LANDS. 



to pasa away gradually, after the Bubterraaeaa level has 
boen regained. In a majority of instanoesy in whioh free 
■uH requires under-draining, it is found that enrrounding 

or adjoining lands of a higher level and of the same stratum 
have a great influence upon the extent and continuance of 
wetness, and this fact regulates, more or less, the period of 
discharge. The under-water percolating the soil in a dif- 
fused or general manner, from a higher to a lower lerel, 
—designated by Mr. Denton the "water of pressnre" — 
has much more effect on the under-drainage of land than 
is generally admitted, for it has been considered a matter 
of supererogation to look beyond the four sides of the field 
to be drained and to inquire into the real cause (rf its wet- 
ness, which is often beyond the field itself.* 

IV. — ^Mb. Bailey Denton's Experiments with Undsk- 

DBAINAOS AT QlNXWO&Tfi. 

Mr. Bailey Denton made a series of experiments on 
Hinxworth estate, near Watford, in 1856-57, to ascertain 
the relative fall of rain on the surface and the discharge of 
water from the tinder-drains, over an area of several hun- 
dred acres of cultivated ground, in a central position in 
Great Britain. The experiments did not extend to the 
entire estate of 8c o acres, but only to certain fields con- 
taining about I GO acres, in equal proportions of the two 
descriptions of soil — ^the free soils and the days. They are 
typical of the land requiring systematic under-draining. 
The estate lies at the bottom of the northern escarpment 
of the London basin, and covers a portion of the lowest 
bed of the chalk, the outcrop of the greensand, and a por- 
tion of the gault of the greensand formation. In several 
parts a superficial deposit of drifted, mixed, or free soil 
overlies the older beds. The layer of greensand is very 
thin, and it was in draining through this bed that the 
coprolites, which have since been raised in large quantities^ 

• <* Minutes of Fkrooeedings, Inatitatioa of Givfi Eoginssii^'' voL 
xxi., page $2. 



Digitized by Google 



UNDER-DRAINAGS AT HMXWORTH. II5 



were first lonnd. The gatilt was remarlcably stifP and 
tenacious, though impregnated with lime from its proximity 
to the chalk — a special condition, which allowed the water, 
oontrary to general experience, to preserve a level in the 
teet-holeB agreeing with that in the sabeoiL Analyses of 
the free soil and the day hare already been given at pages 
109, 110. 

Although the whole of the estate was drained by one 
connected system of works, the mode of draining eaoh de- 
scription of soil was neoessarily as different as the soils 
themselves. The free soils were drained by occasional wide 
parallel drains from 4 feet to 8 feet deep, at a cost varying 
irom £1 I OS. to £3 los. per acre, and the number of drains 
was reduced to a mininmm^ on the princq^e that any excess 
of work b^ond what was sufficient to remove injurious wet- 
ness woidd be a waste of outlay. The gault day, on the con- 
trary, was drained uniformly by a series of parallel drains, 
25 feet and 27 ieet apart, 4 feet deep, at a cost varying from 
£5 los. to £6 los. per acre, and the number of drains was 
increased to a maximum consiBtent with economy. The 
object was twofold — to remove excess of wetness, and to 
promote the aeration and disintegration of the soil, so as to 
counteract as much as possible its retentive properties. 

The two systems of drainage, applicable to the two cha- 
racteristio descripiionB of soil, are represented in Fig. 56, 
which is the map of an estate in the neighbourhood of 
Kugby. The number and position of the drains marks the 
different soils. 

The ezpenments at Hinxworth extended from the ist 
October, 1856, to flie 31st May, 1857. 



As the average rainfall in the district is 34 inches, it 



The nunfall in 1853 smoimied to 24} inches. 

0 1854 „ 19 „ 

H 1855 ^ 24-6 „ 



1856 «» 23 „ 

1857 >» «lj .9 



appears that there had not been any 




pxdioary fall of 
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lain preoedmg the ezperimentB. The greatest &11 in 

24 liours was '542 inch, which is not excessiye \ and whilst 




the average fall for the eight months of experiments is 
13 inches, the actual fall was zo 045 inches. 
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Before the free soils were under-drained, the subterranean 
water-level gradually rose as it was repleaished by the rains 
of autnmn and winter, nntU, in Febmaiij, the Mil became 
folly saturated to the Buifaee, whieh was ehOled by evapo* 

ration — a condition of thiiif^s which lasted till the middle of 
March. In April, slow percolation downwards, and rapid 
evaporation upwards, exceeded the rainfall, and lowered 
the water-bed, so allowing vegetationy weakened by wet 
and ooldy to Btruggle into growth. It was onty when the 
free soils were full to the surface that the land-springs 
broke from the slopes, rising higher and higher as roplen- 
iahment advanced. At that time, also, heavy and suooee- 
rive rains flowed over the eogrf see to the ontlaUsy and ang* 
mented the frediete whkh filled the valleys. 

Before the clays were under-drained, they absorbed and 
retained the autumn rains until, when they were completely 
saturated, the excess water flowed off by the land farrows 
or by the steeks and hollows off the natural snrlaoe ; or it 
remained on flie ground until it was dissipated bjevapora^ 

tion. 

But the under-draining changed all this. In the free 
soils, under-drained, no water can run from the und«. 
drains until the water-bed has been raised by the desoend- 
ing rains to the level of the drains. But the lowest drains 

begin to run fast ; and as soon as the water-bed of the whole 
area drained, forming an inclined plane, has risen by de- 
grees to the height of every drain, and not till this takes 
place, the whole qrstem is at work. A portion of the in- 
filtrated water is daimed by the spaoe in the subsoil inter- 
mediate between the level of the drains and the depth to 
which the water-bed may have sxmk after the drains have 
ceased running in the spring. The quantity discharged by 
the drains, therefore, does not represent tibie whole of the 
infiltrated water. This includes, first, the water discharged 
by the drains ; secondly, the water which gravitates to 
the outcrop springs ; and, thirdly, the moisture whicl* 
returns upwards from the subsoil beneath the drains^ 1>7 
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attxaetion into the soil abore tiiem^ to be disperfled by era^ 

poration at the stiTf aoe. In oases where the surcharged 
lands approach the lowest outcrop, or lip of the stratum or 
bed, the drains partake of the nature of perennial springs, 
and thi^ oontinue to discharge the ovexflow o£ the sub- 
jaoent water-bed during all the year. 

That Ihe system of drains adopted was effeotive was proved 
by the test- holes dug midway between the drains. The 
quantity of water discharged by the under-drains from the 
free soil was a large proportion of the rain whioh fell during 
the period of discharge. The rain which fell on the suzAmo 
during the eight months was 10*045 inohes, or 227,220 
gallons per acre; wliilst a little over 7 inches, or 160,550 
gallons, which is more than two-thirds of the rainfall, waa 
disohaiged. But» during the remaining four months of the 
year, ihe discharge was very trifling, wliilst 11^ inches of 
rain, or 260, 1 53 gallons per acre, fell during the same period, 
making the average discharere for the year less than one- 
third of the total rainfalL JB'or free and mixed soils, taken 
together, the discharge is estimated at one-fourth of the 
rainfslL The monthly zainMl and discharge from the 
free and mixed soils, reduced to average daily quantities 
per acre, were as follows : — 

BaiDfUl 

Vku SORi. per acre. 

Gallons. 

• 1200 

• 1229 
901 

• I70S 

155 

578 
1085 

547 

Taming now to the under-draining in day soil, it has 

been stated that the discharge from the free soils preceded 
that of the clays by a considerable time. These did not 
discharge until the end of November. The discharge began 
slightly en the24th| though the water had not risen to the 
level of the drains. By that time the 3^ inches of rain 



October 

November 

Decemhw 

January 

February 

March • 

April • 



Pisoharge 
per acm» 
Oallona. 

211 

1137 
2S2 



293 
148 
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whioli had fallen in October and November had just siif- 
£ced to fill the inner pores of the soil and its more minute 
intersticeB. On Januaiy 10, when a fall of '542 iaoh, or 
13,261 gallons per acre took place, the aoQ was fiUed toits 
capability of retention. From a flow of i2 5gallon8 per 
acre on the 9th, the discharge was increased to 5,150 
gallons on the zoth. In December, when it was observed 
that {he soil was not full to the head of the drains, the 
fall of 452 inch of rain on the 13th, or 10,225 gallons per 
acre, did not affect the discharge very much, being 160 
gallons per acre on the 12th, and 975 gallons on the 13th. 
The monthly rainfall and discharge from the days at 
Hinzworth, reduced to an ayerage daily qnantilgr par acrOi 
were as follows :— 

Glat* per acre. 

Gallons. 

laoo 

1239 

901 
1702 

>55 



Dlsebftrgt 

per aort, 
OaUoi 



October 
Noyember 

December 
January 
Febrmiry 
Marcii . 
Apnl 
May . 



598 
1085 

547 



II 
188 
1026 

107 
906 
no 



The total quantity of water discharged annually by the 
days is small compared with that discharged by the free 
soils. It was only 59,931 gallons per acrOi or about 9^ 
inches. 

V.—' 



BBOLAXAnov 07 Hainault Fobbst, bt 
Mb. R. B. Obaittbam. 

The reclamation of Hainault Eorest, formerly a royal 

foreety in the oonnty of Essex, between Uf ord and Som- 

fdird, is an instmotiTe example of the combined application 

of arterial and under-drainage. It was laid out by and 

executed under the direction of Mr. B. B. Gr antham, in 

1859, as shown in Fig. 57.* 

♦ See Mr. R. B. Orantham's paper ** On Arterial Drainage and 
Ontfalla," in the " Proceedinga of the Institution of Civil Enginoeti^" 
Tol. xix.| page 53, from whic^ the above partioalan are derived. 
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The allotment made to the Grown contains about two 




thousand acres. It was disafforested in the year and 
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all the timber, consisting of oak and hornbeam poUards, 
was cleared o£P in the three fbUowing years. The land in 

its original state was covered with a thick growth of under- 
wood, as well as of timber, coarse grass, rushes, and weeds, 
and the greater part of it was a mere swamp. The forma- 
tion of the ground consists of a leyel plain, part of it 
known as Fairlop Plain, lying at the foot of a ridge of land 
sloping toward the south. Another ridge projects into it 
from the east, and at the foot of the ridges are valleys, 
which bring down the water from beyond the limits of the 
Grown allotment. The soil on the northern and south- 
eastern sides is generally a strong brown day; the re- 
mainder of the allotment is mixed day and grayeL 

The first operation in the reclamation was the making of 
roads and arterial drains. Some of the roads are parallel 
to arterial drains, as shown in Fig. 57. Material was 
thus afforded for the formation of the roads, and much 
severance of land was obviated. 

Of the three principal valleys, the first is the Dog Kennel 
Brook, which extends from the southern boundary of the 
allotment at Little Heath, and runs nearly due north to 
the northern boundary, where it feoeiyes the drainage of 
the xidge upon which Chigwell Bow stands, and, branch- 
ing ofP at the second road towards the north-east, receives 
the drainage of that part of the same ridge. 

Out of the Dog Kennel Brook, about half a mile from its 
outlet at Little Heath, the Well-Ridden Brook branches 
off towards the north-east, and receives the drainage of 
the land for some distance beyond the boundary of the 
allotment. A little above where the last brook branches 
off from the Dog Kennel Brook, and on the opposite side, 
is a small drain, the Aldborough Hatch drain, which re- 
ceives the drainage of the west and north-west parts of the 
allotment, and the lands north of it. A small portion of 
land on the west side is drained by a separate outfall. This 
is the only portion of the water which is not discharged by 
the Dog Kennel Brook outlet. 

G 
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In each of these vaUeys, straight and regular open 
drains have been formed, proportioned to the qnantity of 

water it was calculated they would carry off. Into those 
open drains all the mains of the pipe-di'ainage, which has 
been executed over an area of about two thousand acres, 
have been carried; as well as the surface-water of the 
allotment and land adjoining. The water which formerly 
passed through these valleys can scarcely be said to have 
been carried off by streams, as there was little or no indi* 
cation of any ditch or track by which it could be discharged ; 
but it found its way over a great part of the land, where it 
lay for weeks, deslructiye of vegetation and of heall^ tiU 
it was for the most part carried off by evaporation. It 
was frequently midsummer before the land was sufficiently 
dry to walk upon ; consequently little produce was grown, 
and the quality was almost worthless. 

The length of the Dog Kennel open drain in a line from 
the south to the north-east is about 3 J miles ; the area 
drained by it is upwards of 3,000 acres. The Well- 
Bidden drain, to the north-east, is li miles in length, 
and receives the drainage of 670 acres. The West drain 
is miles in length, and it drains 452 acres. 

It was expected that the water from the high ground 
surrounding the allotment, and from the large quantity of 
underground pipes in the allotment, equal to 615 miles in 
length, would be discharged in large quantities and in 
very short periods. The following dimensions and slopes 
accordingly were given to the drains. The bottom of the 
Dog Kennel drain, at its outlet, was made 6 feet wide, 
and from 4 feet to 5 feet deep : the bottom width diminish- 
ing gradually to 2 feet at the upper end. The inclinations 
of the bottom are shown on the section accompanying the 
plan, Fig. 57. The natural fall of the valley, at the sur- 
face of the land, to the second road, is i in 171 and i in 
125 for some distance above the road. This fall would 
have been too great under the circumstances before stated, 
and the velocity of the water would have been such as to 
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destroy the sides and bottoms of the drains. Overfalls 
built of brick were therefore put in the drain, as indicated 
in the plan and shown in section. By these means 
the gradients were reduced to i in 330 in tiie lower part» 
and I in 200 in the upper part The o\' erf alls vary from 
10 feet to 3 feet in width of opening, and rise from 3 feet 
to 5 feet ; and they were so constructed, by inserting boards 
into grooves, as to be capable of being made into dams for 
storing water in dry seasons for watering cattle or other 
pnrpoees, and for irrigating the land on both sides. The 
Well-Ridden drain was the only other drain that was 
treated in this manner. Its gradient was reduced from 1 in 
147 to I in 200, by two oyerfalls. 

The dotted lines on the map, Fig. 57, show the pipe- 
drains, the smaller pipes leading into the larger or main 
pipes^ which discharge into the open drains at the points 
shown. The minor drains accurately describe the contour 
profile of the land, their direction being that of the greatest 
fall. 

At one of the farm buildings a tank was constructed to 
supply the premises with water, and there is a feeder lead- 
ing to it^ branching out of the Dog Kennel drain, where 
a dam is placed to regulate the qnantily of water. 

The system adox^ted in thoroughly draining this large 
district was to have as few open drains as possible ; and 
mains with large pipes were extensively used, considerably 
increasing of course the first cost. But the area of land 
thereby gained for profitable cultivation was increased in 
proportion, and the labour of tillage largely reduced. 
Agriculturists neglect the mouths of under drains, if nume- 
rous, and consBquently it is economy to have as few outlets 
as possible. The residt of the arterial drainage in connec- 
tion wi& the underground drainage has been that all the 
rainfall is carried off with the greatest facility. In no case 
have any of the open drains overflowed, the water having 
all been confined within the banks. The forest, formerly 
useless, has become a valuable farm. 

o3 
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VI. — Bainfa£l. 

The air is the great conductor of moisture from the seff 
and other sources to the spriiigf^ and streamlets which feed 
the riTeon. Air is nerer free from aqueous yapour. On 
the coldest day it holds moisture, and it will even carry 
it off from snow or ice; and, popularly speaking, the 
hotter it is the more capable it is of absorbing moisture 
and holding it in suspension. The fact is, Uiat if two 
or more gases or yapours, not having any power of che- 
mical action one upon another, be introduced into the 
same space, each gas will, after a certain interval, be 
diffused equally throughout the whole of the space, and 
will occupy the space exactly as if no other gas were 
present. The gases thus become intimately mixed. If 
a vessel be filled with dry air, and a sufficient quantity 
of water be introduced into the vessel, the water is evapo- 
rated, and the vapour occupies the vessel just as if the 
vessel had been empty and had previously contained a 
vacuum. Evaporation proceeds until the vapour becomes 
saturated; that is to say, until the pressure and density of 
the vapour arrive at the maximum due to the temperature 
of the mixture. Air is said to be saturated with moistui e 
when the moisture or vapour it contains is itself in the con- 
dition of saturation, or of maximum density due to the 
temperature of the air. 

The quantity of moisture present in the air varies oon* 
siderably in d^erent countries and at different seasons. In 
England, the average proportion is said to be about i ^ per 
cent. The annual evaporation from the surface of water 
at Lea Bridge and Plaistow was proved to be about 
21 inches per year, of which about 4 inches were taken 
np in January to March, 8 inches in April to May, 7 inches 
in Juuo to September, and 2 inches in October to Decem- 
ber. Dr. Jolm Evans states that at Dijon, in France, 
about 26 inches was evaporated in the year \ and the results 
of extended observation in Denmark show about a8 inches 
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from water, 30 inches from short grass, and 44 inches from 
long grass. At Madras there is an annual evaporation of 
about 90 indiee. It is thought that in nearly all parts of 
the glob4» the evaporation from a free water-surface is on 
an average about equal to the rainfall. The result of Mr. 
Charnock's experiments at Ilolinfiuld, already stated, p. 1 1, 
tends to substantiate this general deduction, even to 
surpass it in terms. The quantiiy of rain which fail on the 
suif ace, and the quantity of water evaporated from a soil 
maintained in a state of saturation, are abstracted as 
follows : — 



1842 

1843 

1844 

1845 
1846 



Averages 



BainfaU. 

inches. 
26-11 

24- 49 

1900 
28-18 

25- 24 

24-60 



£Taponitfoii from 
■auiratcd soffl* 
inches. 
3002 
3119 

37-«5 

3!-oo 



• 32-68 

a saturated soil may 



that the eyaporation froi 
eyen exceed the rainfall. 

In falling from the clouds, rain increases in quantity as 
it descends, probably by the absorption of vapour, or of 
minute particles of water in the state of mist. Even at a 
leyel of 3 feet above the ground, there is said to be 2 per 
cent, less of rain than at the surface; at 20 feet, Z2 per 
cent. ; and at 50 feet, 23 per cent. 



Vli. — ^Baihpalz. in MouirrAnrous Distbicts. 

Accepting the foregoing results for the conditions of an 
open plain, it is known, on the oontraiy, that in moun- 
tainous districts the quantity of rainfall inoreaBes generally 

with the elevation. But the increase only takes place for 
a certain height, and then decreases. The reason of the 
greater rainfall on mountains is to be sought in the fact that 
the mountains are a mechanical hindrance, and force the 
air currents to rise. As the air rises it expands, and there- 
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fore cools. This dynamic cooling is the chief cause of such 
rams, which are simply siirplus moisture condensed and 
precipitated, and not the mixing of cold and warm layers 
of air. When the air begins to cool, the oondensation is 
most rapid and the rain is heaviest. As the cooling pro- 
ceeds the rain becomes lighter, and this probably explains 
the fact that in the highest regions of the Alps the snow 
falls only as fine needles of ice. The increase of rain with 
increase of height is diie to the greater frequencrjr of 
showers. The intensity decreases with the height, but the 
duration of the rain is lengthened. The zone of greatest 
rainfall in the Alps is probably at an elevation of about 
6,500 feet aboTe the sea, as indicated by the following 
Table, XIY., giving the distribution of rain on both sides 
of the Arlberg, given by Dr. Julius Han.* 



TABLE XTV. — "Rainfall ix ttir Alps. 



6tatioa. 


AxllMrg. 




Height 
above the 
8ea>level. 


1 


Whole 
year. 


Winter 
halt. 


Summer 
halt 


St. Christof 


M. 

1,837 

3,478 

4,003 

4.593 

5,873 
4.200 

2,657 


inohM. 
40-8 

59'4 
72-0 

728 

74*4 
468 
24*0 


ICO 

127 

154) 
155 1 

160 

100 

51 


per centk 
100 
140 

iSo 

193 
116 

44 


too 

121 

144 

142 
91 

53 



The table shows that the rainfall increases with the 
height very quickly at first, and afterwards more slowly. 

Dr. Hann also gives the results of observations on the 
temperature on the Alps at various elevations, during the 
period 1851— 1880, given in Table XY. 

* "Minntes of Proceedings, Institution of Civil Engineers," 
vol. buLxi.y page 454. 
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TABLE XV.— Tempekatuue is the Alps. 



Place. 


Heicht 
above 
■M-l0veL 




If* timp«n 

JolT. 


lion. 

— 

Whole 
vear. 




Feet. 


-Fulir. 


"Ftthr. 


^1 .ibr. 




10,925 


0*0 


347 


205 




8,99a 


16*0 


40-3 


27-9 






^3-5 


451 


28*9 


Ol. ■¥> 1- J 


S.130 


171 


44*2 


29 3 




8,097 


Ib-O 


42-1 


28-4 




7.77^ 


«3-3 


45*9 


293 


• 


6,716 


199 


487 


33 i 




6,348 


19*3 


48*2 


33*3 


TT J. 


o,ib8 


17*4 


48-6 


33*3 


f 1 « « 


6,037 


19-2 




34 7 


St. Chnstof (Arlberg) , 


5'873 


169 


500 


333 


Schafberg 


5.840 


225 


49-8 


35 4 






32—28-4 


698 


5t» 


Aversfce decrenae of tern- } 










perature per 100 mettes} 




059 


1*22 


1-03 


(328 feet) ) 






Increase in hright for de- 1 










crease oi 1 Ftdii. in tein- > 




547 ft. 


273 ft. 


318 ft. 









It is dearly shown by the table that the temperature 
falls as the eleratioii is greater at the average rate of 
1° Fahr. per 100 metres (328 feet). In certain large 

regions of tlie Alps, Dr. Hann says it may be taken as true 
that the temperature decreases in arithmetical progression 
according to the increase in the height. But the rate of 
decrease is much less in winter than in summer, as is 
shown in the table. 

Dr. J. F. Miller has made many observations for the 
purpose of ascertaining the fall of rain upon the high 
mountains in Cumberland and Westmoreland, and to ascer- 
tain the increase or diminution which took place in relation 
to elevation above the sea. In his Annual Beporfe for 
1847 he drew the conclusion that, ^'as a general rule, in 
mountainous districts, the rain increases from the valley 
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Upwards, to an altitude of about 2,000 feet, and that abovr 
this altitude the quantity rapidly decreases/' He givec 
the zetum for twealy-one months, as follows : — 

Elevation BainfiEdL 
above t he tm, 

feet. inches. 

The Valley, head of Borrowdale 160 170-55 

Stye Head 1290 '^574 

Seatoller I334 180-38 

Sparkling Tarn • • • • l^2» 207*91 

Great Gabel . • • • 2925 136*98 

Scaf'ell 3166 128*15 

In explanation of such concentrated rainfalls, he says, 
** It may be stated that the Lake District valleys radiate 
from a series of mountains of slate and primitive rock, 
having the Gabel, 2,925 feet in height, as a nucleus or 
central point ; in the immediate vicinity of which are Soa 
Fell and Pillar, respectively 3,166 and 2,893 in 
height, with Great Eud, Bon Fell, and Gliirarnara not 
much inferior in altitude. These mountains are distant 
only about 13 or 15 miles, in a direct line, from the Irish 
Ohannel; and, as no hill intervenes, they are fully eacposed 
to our wet and prevailing winds, which are the south- 
west. The warm south-westerly current arrives at the 
coast loaded with moisture, obtained in its transit across 
the Atlantic. Now, our experiments justify us in con- 
cluding that this current has its maximum density at about 
2,000 feet above the sea-level ; hence it will travel onward 
until it is obstructed by land of sufficient elevation to 
precipitate its vapours, and, retaining a portion of tho 
velocity of the lower parallel of latitude whence it was 
originally set in motion, it rapidly traverses the short space 
of level country, and with little diminution of its weight 
or volume ; but on reaching the mountains it meets with 
a temperature many degrees lower than tlie point at which 
it can continue in a state of vapour ; sudden condensation 
consequently ensues in the form of vast torrents of rain, 
which, in some instances, most descend in almost a oon« 
tinuous sheet, as when 9 or 10 inches are precipitated ia 
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forty-eight hours. When we reflect that a warm, moist 
current, perhaps only 3° or 4° above the point of satura- 
tion, in coming in contact with the mountain ridge, pro* 
bably meetB with a stratum of air 10^ or 15^ lower than 
its own inherent temperature, we shall oeaee to marrel 
that such quantities as 4, 5, or even 6 inches of water 
should be deposited in these localities in the course of a 
few hours. The mountains are, in fact, huge natural 
condensers, destined to force from the atmosphere the 
mighty Yolnmes of water requisite for the supply of our 
lakes and riTers.'' 

Herein Dr. Miller adopts the ordinary hypothesis that 
the cause of the condensation of yapour and its precipita- 
tion as rain is the mingling of the current with air colder 
than itself. The hypothesis of the up-lifting, by striking 
against the mountsin, and the consequent expansion and 
cooling of the moist current, appears to be the more pro- 
bable explanation of the sudden condensation and 
precipitation. 

Mountain ranges, indeed, as Dr. Evans remarks, are 
the great condensers of atmospheric moisture, and the 

quantity of rainfall in any country is in the main de- 
pendent on the position of these ranges, and the prevailing 
direction of the winds. ''India,'* he adds, ''a£^ords a 
good example of this fact, as the trade winds, or * mon- 
soons,* as they are there called, exhibit great regularity in 
their occurrence. Prom the end of October until the end 
of April there is little or no rain on the western coast, but 
during the other six months, after the monsoons have set 
in, rain falls in abundance. At Bombay, near the sea- 
level, the most rainy months are those of June and July, 
during which from 40 to 50 inches annually fall. During 
the whole of the rainy season the average of seven stations 
at the sea-level in the Bombay Presidency is about 
80 inches. At an elevation of about 900 feet in the 
Southern Concan Hills> or Western Ghats, there is an 
increase to about 135 inches, and at Mahabuleshwur, at a 

G 3 
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height of about 4,500 feet, and at a distanoe of 130 miles 

from the sen, the annual fall i.s over 250 inch.es. It is 
rarely that the hot stratum of aqueous vapour brought 
from the equator by the south-west monsoon floats at a 
higher level than this. In dashing against the precipitous 
western face of the Ghits much of the warm stratum is 
throwTi up among the colder layers of air at higher levels ; 
but a little is carried eastward to be condensed by the 
Bimalayas. So e^ectuaUj does this high range do its 
work, that the great plain of Tibet to the east may be 
regarded as rainless. In the same manner, while the 
great central plain of Spain, at an elevation of 1,200 feet 
or more above the sea, is during the summer months 
pinched with drought, the seaward face of the mountains 
that skirt the Bay of Biscay are clothed with verdurei and 
axe rarely in want of rain/' 

Vill. — ^Bainpaix in EEraLASD. 

The rainfall in England is very various in quantity. 
Along the western shores the usual fall is from 40 to 50 
inchesy and in many districts from 50 to 75 inches. On 
the southern coast, llie fall is from 30 to 40 inches, and in 
the eastern counties it is less than 25 inches. In ex- 
ceptional positions — Seathwaite, in the hill country of 
Cumberlandi for instance — the average rainfall is upwards 
of 140 inches ; in the flats of Norfolk and lincolnshire it 
is a little over 20 inches. In each year the variation in 
quantity of rainfall at the same place is often considerable. 
Dr. Evans mentions that in Hertfordshire there were 
41 inches of rainfall in 1S53, and less than 19 inches in 
1854. 

Mr. J. Olaisher gives the foUowing table of the annual 

rainfall at the Eoyal Observatory, Greenwich, for each of 
the years from 1815 to the end of 1869 * : — 

• "Mmntes of Fnoeedings, losUliitioii of Civil EnginM^'' voL 
zui., page 48. 
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TABLE XVI. — Kainiall at the Koyal Oijskkvatoky, 

Qbbikwich. 





Sain 
Awn* 












Inches. 




Inches. 




luches. 




225 


1834 


19-6 


1852 


34 2 


1816 


30-1 


1835 


24-9 


185J 


29*0 


1817 


29-0 


1836 


27*1 


1854 


187 


1818 


257 


1837 


21*0 




211 


1819 


31-1 


1838 


23-8 


l8s6 


22 2 


1820 


277 


1839 


29-6 


1857 


214 


1821 


345 


1840 


18-3 


1858 


178 


1822 


277 


I84I 


33*3 


1859 


25-9 


1823 


27-1 


1842 


22*6 


i860 


3«'0 


1824 




1843 


24*6 


1861 


203 


1825 


246 


1844 


24-9 


1S62 


265 


lo20 


23 0 


x»45 


224 


1 503 


190 


1827 


249 


1846 




1864 


168 


1828 


24'S 


1847 


I7'8 


1865 


286 


1829 




1848 


30-2 


1866 


30* I 


1830 


27-2 


1849 


237 


1867 


28-5 


183I 


30-8 


1850 


197 


1 808 


25 2 


1832 


X9'3 


1851 


227 


1869 


24*0 


1833 


23 0 











Here, likewise, very wide variations of rainfall from 
year to year are recorded — typical, in fact, of what is 
relatiyely as great in all other parts of the country. The 
average fall for all the years was 25 3 inches; and at 
times, for sereral consecutive years, as from 18 19 to 1824, 
the fall for each year was above the averap:e, whilst at 
other times, as from 1854 to 1858, the fall for each year 
was below the average. With a view to the designing of 
storage-reservoirs^ Mr. Olaisher recommends as the safest 
principle to treat with the quantity of the water fallen 
in three consecutive years yielding the least, which is 
found to be nearly the average of all the years reduced by 
one-sixth. Thus, at Ghreenwich, the sum of the falls of 
rain in the three years ending 1857, namely 61*4 inches, 
being smaller than in any other three years in the period, 
or 20*5 inches average for the year ; the total average, 
25*3 inches, reduced by one-bixth, or 4 2 inches, is 
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31*1 ineliesy wMch diffoTs from the observed value by only 

0*6 inches. Taking this result as a basis, the capacity of 
Btorage-reservoirs should be calculated for 200 days. With 
respect to evaporation, it appeared to Mr. Glaisher to amount 
to from 13 inches to 15 inches per year. By taking five- 
yearly averages, there is indicated a generally decreasing 
rainfall at Greenwich till the year 1859, but since theu 
there is an increase : — 

Inches. 

In five y€ttn ending 1S19, the avmgtt anniud lainfUl vas 27*68 
»f 1824 „ • „ 3067 



9» » 

f> ** 

f» »♦ 

l» »> 

f» ft 

»> »» 

*• f» 



1829 „ „ 2584 

1834 » ,» 23*98 

1839 „ „ 2528 

1844 n » 2474 

1849 M >• 

1854 „ „ 2464 

1859 „ „ 2168 

1864 „ „ 2308 

1869 „ „ 2728 



The defidenoy to 1859 was, therefore^ in no way attn* 

butable to an excess of drainage or clearance of trees, for 
the amount of drainage within the last few years in 
question was greater than at any preceding period* 

Mr. Glaisher's principle of treatment of tiie rainfall 
in respect of storage - reservoirs is also employed by 
Mr. Hawksley, in searching for what he calls the law of 
the minimum. "This singular thing comes out," he 
says, which is true within the smaUest possible frac* 
tion of all long-series rain-gauge obserrationSj extending 
orer not less tiian twenty years — ^that if the ayerage of , 
say, twenty years is taken, and from that average 
one-sixth is deducted, the average of three minimum 
dzy years wiU be obtained within the fraction of a 
single inch. That quantity may then be relied on as the 
probable rainfall. The amount of loss or evaporation has 
then to be ascertained, according to the particular district. 
That loss varies in these islands from 10 inches per auuum 
as a minimum, to 18 inches as a maximum. The mini- 
mum occurs veiy zarelyy indeed only in the case of bare 
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precipitous mountains, consistiug of non-absorbent rock, 
such as slate or granitio rook. Prom that surfaoe all the 
rain fhat falls can be gathered, with the exception of about 
10 inches. But the case is yerj different when the surface 
is covered with soil and peat, where it becomes flat moor- 
land on the summit, and more so where the land is 
cultiTated and thrown into the eharaoter of a sponge. 
In general, howerer, with monntain watersheds, where 
the intermediate condition exists, the actual ascertained 
loss amounts to from 13 inches to 15 inches per year, 
according to the situation and some local circumstances, 
and may be taken at a mean of about 14 inches per 
year." ♦ 

As a practical illnstration, Mr. Hawksley took the case 

of ShefField, where a population of a quarter of a million 
was entirely dependent upon mountain watersheds. There 
were correct records for forty years, from which it was 
known that^ upon the ayerage, the fall of rain had been 
39^ inches annually. Deducting one-sixth, there remains 
about 33 inches ; and taking from that 14 inches as the 
loss from what is called evaporation, there are left 
19 inches, which is the actual ^[uantity received into the 
storage reservoirs on an average of three dry years. 

Mr. O. J. Symons has arrived at the following condu- 
sions, based on the observations of a great number of 
years, on the rainfall in Great Britain : — 

I. The wettest year wiH have a rainfall of nearly half as 
much again as the mean. 

3. The driest year will have one-third less than the 
mean. 

3. The driest two consecutive years will each have one- 
quarter less than the mean. 

4. The driest three consecutive years will each have one- 
fifth less than the mean. 

At places where the average rainfall is large, the ex- 

« "MinuteR of FxooeediDgs, Institution of Ci?il £ngiaeez4,' 
voL 54* 
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tremes both of wetness and of dryness will be less pro- 
nounced than at those places where the usual rainfall is 
small.* 

Mr. de Bance has given a hydro-geological map of 
England^ in which he has divided the dbaiaotor of fhe soil 
into four divisions : the impermeable; the partially porous ; 
the supra-pervious, or days resting on permeable rocks ; 
and the permeable. In comparing this map with the 
Hyetographical or Eainfall Map, prepared by Mr. G. J. 
Symons, it is seen fliat the areas of greatest rainfall cor- 
respond with those of the impermeable rooks. These 
harder rocks, Laving been better able to withstand the 
wear and tear o: rain and rivers, and other denuding 
forces, are, as Dr. Evans remarks, at a higher level, and 
are brought into closer contact with the water-yielding 
douds than the districts of softer rociks at a lower leveL 
Bonghly speaMng, the western part of England and Wales 
consists of impermeable and partially porous rocks, and 
the eastern parts of supra-pervious and permeable soils. 

IX. — PERCOLATIOir AND EvAPOBATIOir OP RaINFALL.— 

Mb. DiOKJUisoN's and Db. John Evans' Obsbbvations. 

The first to make experiments on the subject of the propor- 
tion of percolation of rain through 3 feet of soil to the rain- 
fall at the surface were Dr. John Dalton and M. Maurice, of 
Genevay about the end of last century. The late Mr. John 
Dickinson was the first in England to repeat the experi- 
ments of Mr. Dalton. His observations began in 1836, 
but new gauges, formed of cast iron, were fixed at Nash 
MiUs, Hemel Hempstead, in 1853, and have been in con- 
tinuous operation ever since, under the direction of Dr. 
J. Evans. These are two reoeiyers, or cast-iron cylinders^ 
18 inches in diameter and 3 feet in length, turned to a 
knife-edge at the top, and sunk to a depth of 3 feet below 
the level of the ground in which they are placed, so that 

• «<Britudi BainlRU, 1883/' page 38. 
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the edge just projects upwards. One of the cylmders is 
filled with the ordinary surface soil of the neighbourhood, 
and the other with fragmentary upper chalk. Grass grows 
on the upper surface of the contents of the gauges, and 
also on the ground surrounding the cylinders. The rain- 
fall is observed in the immediate neighbourhood of the 
percolation gauges, and the register is made up at 9 a.m. 
The winter half of the year is considered to conunence on 
the ist October, and the summer half on the ist ApriL 

Dr. Evans has arranged the results of thirty years' 
observations in a diagrammatio form, reproduced on a 
smaller scale in Fig. 58, and also in a table, page 137.* 
The plain vertical lines in the diagram show the rainfall 
in each year from October i in one year to September 30 
in the following year, the winter rainfall being shown 
below the central horisontal line, and the summer rainfall 
above it. The percolation through 3 feet of soil is shown 
in a similar manner by broken vertical lines, and the per- 
colation through 3 feet of chalk by broken and dotted 
lines. The corresponding numerical values are given in 
the accompanying Table JLVll. 

The average results of the thirty years show that out of 
a total rainfall of 2 7 '843 inches yearly average, 1 9 inches, 
or 23*4 per cent., passed through 3 feet of soil, and 
10 650 inches, or 38*6 per cent., through 3 feet of chalk. 

The percolations during winter and during summer are 
in marked contrast. Out of the winter rainfall of 
13' 752 inches, the percolations were 5707 inches and 
3*532 inches. Out of the summer rainfall of 14 091 inches, 
on the contrary, when vegetation was in progress and 
evaporation was greater, there were but *8i2 inch and 
2*118 inches respeotiyely. The variations in the propor- 
tion of the percolation to the rainfall are very great, even 
in the winter half-year, so much depending upon the 
manner in which the rain falls, and whether it is con- 

* From a lecture on Physiography," by John Evans, D.O.L., 
LUB.y at the Imtitntloii of OKtl Engineen, sewion 1884-85. 



Digitized by Google 



RAINFALL AT HEMEL HEMPSTEAD. 137 



TABLE XYII. — Oeseryatioxs at Nabh "M^-tjij 





Winter. 


Simmera 


Tbab. 




Peraolaliaii* 


Bain. 








80a. 


Cinlk. 




soa 


Cbalk. 


1^54-55 

1855- 56 

1856- 57 

1857- 58 

1858- 59 

1859- 60 

1860- 61 

1861- 62 

1862- 63 

1863- 64 

1864- 65 

1865- 66 
i86(>-67 

1867- 68 

1868- 69 

1869- 70 

1870- 71 

1871- 72 

1872- 73 

1873- 74 

1874- 75 

1875- 76 

1876- 77 

1877- 78 

1878- 79 

1879- 80 

1 880- 8 I 

1881- 82 

1882- 83 
i88i-8d 


932 
14-48 
11-96 

ii-8[ 
9-64 

16- 49 

11- 56 

12- 63 
11*01 

9*24 

10- 93 

20- 00 
1 2 -60 

11- 36 

17- 58 

12- 54 
11-25 

21- 55 
8-91 

11*69 

17*28 

20-69 

1374 
14-62 

5-84 
20-07 

14-82 
22*67 
12*95 


2- 45 
6*82 

5- H 

0-09 

9-27 
7-61 
7-42 

3- 56 
3*i8 

3- 42 

10- 47 

4- 64 
2-03 

7 04 
4* 50 

4-05 

11- 25 
1*86 

4*^5 

6- 08 

10*13 

4-00 

575 

2-79 

13-59 
6-24 

11-67 
4*53 


3*45 

10- 47 

7*19 
7-16 

2- 69 
12-44 

7- 55 
8 19 

5-50 

5- 89 

3- 55 

12-05 

6- 97 

5-36 
1 i «i 
8*76 

3 33 
9-50 
16-05 

4*40 

5 57 
10*29 

11*77 

8- 91 

7- 94 

4- 28 

16-36 

11- 38 
I7'i6 

8- 56 


12-66 

14-86 
14*11 

12- 27 
18-31 

20-40 

10- 38 

14- 37 

13- 40 
8 42 

12- 60 

15- 59 

^437 
1005 

i2*8o 

7-59 

16*09 

14- 44 

11- 29 
10*71 

15- 00 

14-25 

13- 74 

18-49 

25 09 

16- 40 

14- «5 

16- 52 

13-94 
976 


0- 19 

279 
i*ii 

0*80 

• • 

3-16 

1- 13 

2- 39 

0-35 

003 
0-18 
004 

• • 

• • 
1*00 

• • 

005 

• • 

0- 50 

1- 04 
2*l6 

6*94 

• • 

0-48 

• • 

• • 


2.30 

3-09 
1*32 

0*84 

4*22 

8-94 
1-02 

1-77 
0*19 

o*45 

• • 

0-20 

1*39 
0-42 

• • 

I 7» 
2*70 

• • 

0- 65 

3 4" 

1- 15 
1*60 

511 

1 2 0 2 

3' 20 

« • 

2- 64 

0-33 

• • 




412-56 


171-23 


255 95 


422 72 


24"56 




Avernge \ 
of thirty I 
yean . ) 


13752 
14*091 


5707 

0-8J2 


8-532 
2*118 


14*091 


0*812 


2*Il8 


Yearly ) 
average j 


27-843 


6-519 


10-650 
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stant for some days or intermittent. Compare, for ex- 
ample, tke winters of and 1870-71 ; — 

IWnter i879-8o» Winter 1870-7'* 

luches. Iiichea. 
Rainfall . . . . 5 84 12-54 
Percolation through soil . 279 2-08 
„ „ chalk . 928 535 

Less rain percolated througli tlie soil in 1870-71, though 
there was more than twice the rainfall, and there was verj 
little more peioolation through the ohalk. There are many 
otheor oontrasts iu the table. For another inatanoe, in the 
summer of 1858-59, 18-09 inches gave no percolation, 
whilst in that of 1877-78, 18 46 inches gave 2* 16 inches 
of percolation through soil. 

Dr. Evans insists that in the case of water-supply de- 
rived from porous soils, it is in the highest degree illusive 
to depend upon averages. The minimum, or, at the best, 
the lowest average of three successive years, is the utmost 
that can be relied upon. Taking the three years 1862-64, 
a rainfall of about 22 inches yielded only 3^ inches of per- 
colated water. Inthethree'years 1869 71, 25 inchesyielded 
little more than 4 inches through soil. 

Dr. Evans thus sums up the principal points -^ hich eon- 
cem the engineer with reference to rainfall and water- 
supply 

1. That the higher the level and the nearer the sea^ 
especially on the western ooasts, the greater is the rainfalL 

2. That in the high districts the rocks are, as a rule, 
more impermeable than in the low districts, and the sup* 
plies to the streams larger and more immediate. 

3. That in the low-lying and eastern districts tiie rain- 
fall is small and the rocks for the most part absorbent. 

4. That, while providing means for receiving and deal- 
ing with the maximum amoimt of supply, reliance can 
only be placed on the TniT^jmnn^, and not on the average. 

5. That though, in the case of permeable soils, the abso- 
lute minimum of percolation may be disregarded, yet that 
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&e average of three years seema to show that not more 
than 4 or 5 inchea of the annual rainfall can safely be 
regarded as available for the supply of both the wells and 
rivers of the district. 

6. That any water abstracted from wells in a permeable 
district is so much abstracted from the sources of the 
neighbouring streams^ though in many cases it can be and 
is returned to them after use. 

X. — lUmFALL Ain> Pbboolahon.— 1i[b.0eablbs Gbsaves's 

OsSEBVATIOira. 

The late Mr. Charles Qreaves, ever sinoe the year 1852, 
felt it very desirable to confirm the researches of Mr. Dick* 
inson and Dr. Evans on the percolation of rain through a 

medium representing natural soil, and he resolved to 
establish a gauge-register similar to theirs. In 1851, 
the gauge was set at Lee Bridge, in the valley of 
the river Lee, 6 miles north and miles west of 
the meridian of Greenwich, at 10 feet above Trinity 
higli-water level. But tlio register was only main- 
tained continuously since the beginning of 1855. The 
gauge, f'igs. 59 and 60, is on the principle of the Dalton 
gauge. It consistB of a water-tight box of slatOi open- 
topped, 3 feet square and 3 feet deep, the bottom of which 
is slightly coniform towards the centre, where a lead pipe 
is connected, leading to another vessel set upriglit as a 
receiver, at a level several feet below the tank. A glass 
gauge is fixed to the side of the receiver, with a stopcock 
and a graduated scale. The date box, or tank, is sunk 
into the ground and is filled with soil or earth to within 
2 inches below the top. The soil was intended to resemble 
common Hertfordshire land, and was made up of soft 
earth, with loam, gravel, and sand — all well mixed to- 
gether beforehand and trodden in. It was turfed over and 
was kept level, the grass being occasionally cut. Nothing 
is done to lighten the soil, and worms are sometimes 
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Been. The water collected in the receiver never rises to 
the level of the bottom of the tank, and the soil of the tank 
18, in fact, under-drained. The ''Dalton gauge" has no 
o^erflowy and water has ne^er been seen to aooumulate on 
tlie eoj&oe of fhe earth or graas— fulfilling the intention 




Fig. 59.— Dftlton GaugMy Lee Bridge. 



that all rain that falls on the gauge should soak into the 
soil. 

A rain-gauge of equal superficial area, but only i foot 
deep, was fitted at the same time beside the Dalton gauge. 
The gauges are under like oonditions in all respects. 
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In the year i860 another gange^ similar to the Dalton 
gauge, was fixed, with the view of getting a definite 

maximum of percolation. It was for this pur[>i>be lilled 
entirelj with £n6 sand^ such aa is used in the £lter- 




Fig. 60. — 6en«ral Han of tlie Dalton Gauges, Leo Bridge. 



beds of water-works. The sand is nnder-drained, like 
the soil. 

In addition to these gauges, by means of which the 

rainfall, the percolation, and, by doductiuu, the evapora- 
tion, from sand and irom turf could be determinedi a 
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similar gauge, Fig. 6i, 3 feet square and i foot deep, 
was launched in 1859, and has been kept afloat, and 
partly immersed, in a quiet part of a flowing stream. 
The aiitf ace of water within it is always below that of the 
water without, and the moBt BuitaUe depth is from 
3 inches to 7 inches. It is exposed in all weathers, and 
any addition or abstraction of wafcer, only made when 
necessaiy, is duly recorded. Thus, by combioiug the obser- 
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Fig. 61. — ^Floating Gauge, Lee Bridge. 

Tations in the ordinaiy dosed rain-gauge with those of 
the floating gauge, an absolute measure of evaporation 

from a water-surface, representing, approximately at least, 
the surface oi a river, a lake, or a reservoir, is obtained. 

The summary results of fourteen years' obserrationB 
are given in Table XYIII. foUowing.* 

♦ From a Paper " On Evaporation and on Percolation," by Mr. 
Charles Grreaves, in the ** Minute s of Proceedings, Institution of 
Civil Engineers," vol. xl^., page 33. 
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TABLE XVIII. — Summary of Fourteen Years' Observations on 
Raikfall, bt Mb. C. Obbatm, 1860-73. 







Percolation. 


Evaporation from. 


T6V. 












Floating- 








80U. 




Soil. 


Sand. 


box. 
R rif*e 


Water. 


















i860 
I86I 
1862 
1863 
1864 
1865 
1866 
1867 

t868 
1869 
1870 
187 1 

1872 

1873 


Inehes. 

32-558 

23633 

26- 581 

19- 766 
15-891 
29-248 
31-697 

27- 436 

23- 308 

24- 562 

20- 395 
24-083 

37'«66 

23770 


10- 761 

5'7ii 

8-549 
3-761 

3-824 

11- 150 

12- 587 

5- 162 

7- 1 12 

8- 050 
7-225 

6- 188 
12-025 

4050 


23-'^ 56 
16-360 

21- 178 
16-411 
12-636 
27*823 
28-1 12 

22- 424 
20 ' 200 
22-138 
18-700 
20-087 
30-050 
20*120 


IndiM. 

21- 797 

17- 921 

18- 031 
16004 
12*067 
18*098 

19- 110 

22- 274 
16-196 

16- 512 
13-170 

17- 895 

«SI4I 
19*721 


IiudiM. 

9-10Z 

7*273 
5-402 

3353 
3-255 

1- 425 

3-585 

5-01 1 

3-108 

2- 425 
1-696 

3- 996 
7*116 
3.650 


Inches. 

1 1 •500R 

i'375K 
9-250 R 

1- 500 u 

2- 750 E 
9-125 R 
12-875 » 

7-375 R 

3- 625 E 
5-5OOR 
R = E 

4- 5OOR 
14-250 E 

3375 « 


Itusbes. 

21-038 

25- 008 

17- 332 

18- 266 
18*640 
20*124 

18- 821 
20-o6i 

26- 933 

19- 062 

20- 396 

19-583 

22*916 
ao*395 



The accuracy of the records siunmariaed in this table is 
confirmed by those of neighbourmg raan-gauges, as pub- 
lished by Mr. G. J. Symons. The average fall of rain 
at twelve stations in London, for the seven years 1864 
to 1870, was 24*486 inches; and at Lee Bridge for the 
same period the average fall recorded was 23*934 inches. 

Only in three years out of the fourteen years above 
tabulated has the evaporation from water exceeded the 
rainfall — in 1861, 1864, and 1868. In 1870 it was the 
same, and in the remaining years the rain was in excess 
of the evaporation. The rise of water in a supposititious 
tank, open for rain as well as for evaporation, was 71-5 
inches in fourteen years, or a not gain of 5-1 inches of raiu 
per year. The percolation through ordinary soil has been 
26' 5 7 per cent, of the rainfall in 22 years, and the evapo- 
ration 73*43 per cent, of the rainfall : roughly stated, in 
the proportion of one-fourth and three-fourths respectively. 
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The evaporation from a surface of water was 77*77 per 
oent. of the rainially though it oocaaonallj exceeded the 
xainfalL 

The fluctuations of action are notable. Whilst the 
annual rainfall varies from 37166 inches in 1872 to 
15*891 inches in 1864, or in the ratio of 2*33 to i, the 
anniial peroolation through soil varies in a still higher 
ratio, as 3^ to I, from 12*587 inches to 3761 inches in 
fourteen years. But through sand the peroolation varies 
only as to i, from 30*050 inclies to 12 636 inclies. The 
evaporation from a surface of vrater varied only from 
26*933 inches to 17*332 inches in fourteen years, or as 
1*55 to I. But it is the intemuttent character of the per- 
colation, and its total absence in summer, as exhibited in 
the detailed tables given in Mr. GreaYes's paper, which are 
speci£illy notable. 

A great degree of percolation supervenes on the thawing 
of snow, and the greatest is due to frequent thaws of small 
falls of snow. For many consecutive months, often, there is 
no peroolation whatever, and the monthly range varies from 
3J inches to notliing. Five times there has not been any 
percolation for seven consecutive months, twice for six 
months, and only in one year, i860, has there been peroo* 
lation every month. 

Mr. Gbeaves summarised his results and conclusions as 
follows: the magnitude of percolation through sand at 
all times ; the smallness of percolation through earth or 
soil on the whole ; the consequent magnitude of evapora- 
tion ; the entire absence of percolation in warm summer 
weather; the excess of evaporation from ground over 
evaporation from a surface of water in winter, and from a 
surface of water over evaporation from earth in summer ; 
the small tliicknoss of earth (24 inches) under which water 
may be considered safe from loss ; great variations observ- 
able in the yearly percolation, the maximum reaching 
eleven times flie minimum. 

Mr. Greayes deduces an artificial table for the home 
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ootmties of what may be ezpeoted from month to month 
for an ayerage year as fdllows : — 



TABLE XIX*— ARTIFICIAL Table of tkb Rainfall that mat b« 

BZFBCTID FOB AH ATBaAOB YlAB, IX TBI HOMB OoVXTOM, 













Mdntlk 


nisftuL 


percolation 
tJtirouffh 
■uuU 


D6x*colatian 
wrihorMil. 


rise or fall 
In floating 




Inehefl. 


iDchea. 


incbet. 






2-000 


1-875 


1-250 


2-500 R 




1*375 


1-250 


•750 


i-«75 R 




1-750 


1-625 


•750 


1-125 R 




1-500 


1-250 


•350 


•750 R 


a'250 


1-875 


•125 


•250 B 




a- 125 


1*625 


'I25 


3750 B 




2-125 


1-125 


-125 


2-250 E 




2-625 


2000 


-125 


1-500 E 




2-125 


1-625 


•250 


I-OOO B 




3*ooo 


2375 


•750 


1-500 R 




2' 1 25 


2'000 


1*250 


2'OOOB 




2*000 


1-375 


1*250 


2*500 B 




25*000 


20*000 


7-000 


4'500& 



According to this table, of 25 inches of rainfall, 7 inches 
percolates through soil, leaying 18 inches, or 72 per cent», 
eraporated. From a surface of water, represented in the 
floating box, as there is only 4f inches of rise out of 

25 inches of rainfall, the ruiiiamder, 2ii inches, or 82 per 
cent., is evaporated. 

XI. — Kainfall and Percolation. Obseryations op 

MeSSKS. IiAW£S AlO) 

Messrs. Lawes and Gilbert made observations on rain- 
fall and percolation during the five years from September, 
1870, to August, 1875, at Bothamstead, Herts. The soil was 
ra&er heayy loam with clay subsoil in its natural state of 
consolidation. Thej took the soil just as it was; thej dug 
down and undermined it, placing perforated iron plates 
imderneath, and having underpinned it, they built it in an 

H 
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iflolatodaq^iiafe with fairiok and oemeat. Three sucb gauges 
were oonstnioted, haying eaoh an area of one-thoneandih of 

an acre, 0143*56 square feet, forming a s |uare of which the 
length of the side is 6*6o feet. One was 20 inches deep, 
another 40 inches, and the third 60 inches deep. The 
general reeolts are given in Table XX., following. The 
aeoond part of the tahle expreflsee the peroolation and eya- 
poration " as percentage of the rainfall.'* * 



TABLE XX. — ^E^iN and Pbrcolatioit at Bothamstbad, Hbkts, 

1870-75. 



TiABi 

S^t. Z870 to Aug. X87Z 

H 157a It lf73 
» X873 » 1874 

M 1874 It Z875 


Bain- 


FnoolattmtliMingh 


Mmpoialioii. 


20 ins. 
deep. 


40 ins. 
de«p. 


60 ins. 
deep. 


20 ins. 

deep. 


40 ins. 
deepb 


60 ins 
deep. 


inches. 

27 '55 
^'02 

30*66 

21 "69 

1 30*74 


inches. 
9*64 
9*69 

14*35 
5 47 
12*25 


inches. 
9*42 
9*40 
13*67 

5*" 
I2*7a 


inches. 

5*81 
8*24 

12-03 
3*6i 
10*30 


inches. 
17*91 

»9'33 
i6*3x 
16*22 

18-49 


inches. 
x8*x3 
I9*6a 

i6*oo 
16-58 
18'M 


inches. 

21*74 
20*78 

x8-o8 
10^44 




87*93 


zo'28 


zo*o6 


8*00 


17*65 


17-87 


X9*93 




•7*93 


perceat 
36*8 


peroent. 

1 3*. 


percent 
a8*6 


peroent. 
63-2 


peroent. 
64*0 . 


percent. 
71*4 



' Of the average rainfall, saj 28 inches, it appears that 
only 8 inches percolated through 60 inches of soil, whilst 
10 inches and loi inches percolated through 40 inches and 
ao inches respectiyely, pointing to the conclusion that 
capillary action had influence on percolation, or rather on 
evaporation, much below the depth supposed by Mr. Qreaves. 
In fact, taking the observations in detail, it was evidently 
operative below 40 inches of depth. Beginning in Sep- 
tember, after comparatiyely dry and warm weather, less 
water passed through 40 inches than through 20 iuches, 

• Minutes of Prooeeding^ lastitiition d Civil £ngineen»" 
TOL zlv., pp. 69, 60. 
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and leas tliroiiglL 60 inohei than thiough 40 inches; and 

BO it went on until tlie winter raine aoonmulated, when 
the reverse happened, and there %vas sometimes more per- 
colation through the 60 inchee than through the 20 inches. 

Xn. — IirFLUXNCB OV F0BB8TS OV RaDIFALZi. 

It is supposed that the wholesale destruction of the 
woodlands formerlj Sizisting in countries bordering the 
Mediterranean Sea has been, in part at leasts the cause of 
the present desiccation of these districts, by removing 

forests and laying bare to the sun and to winds surfaces 
which were previouslj kept cool and damp under trees. 

Special observations have been made with a view to the 
determination of the difference of rainfall and evaporation, 
if any, between an open and a wooded country. The sta« 
tions were selected, one in the forest of Halatto, and one 
at the same level in an open country about 1,000 feet dis- 
tant from the forest station. The rainfall over the forest 
was iS inches, or 1*35 inches more than the rainfall in the 
open, for the eleven months, February — ^December, 1874. 
The rainfalls over the forest, in the open, and under the 
trees, were respectively as 100, 92 5, and 62. But the loss 
by evaporation under the trees was only one-third of that 
in the open, which amounted to 70 per oent., and, there- 
fore, the effective rainfall in the forest was 44 per cent, 
more than in the open. In this ease it appeared that tlie 
forest was instrumental in largely supplying watercourses. 

From the results of hygrometrio observations, it appeared 
that there was more moisture in the air over the forest than 
in the open, especially in the month of If ay. 

In North America, on the contrary, it is maintained that 
there is nothing in the river records to establish any theory 
either for increase in height of Hoods or for less low- water 
discharge due to the destruction of forests*^ 

* See an abstract of a paper on the Destmotion of Fomts," by 
T. P. Boberts, in the "Minutes of Fiooesdinga, Inatitatian of OiTtt 
Engineeii^'* vol. Izzix., page 41^. 

h2 



Digitizeo by LiOO^i 



148 



DRAINAGE OF LANDS. 



However that may be, there are conditions under which 
the rainfall ia materially influenoed by forest. Sir W. 
Deniaon mentloiiB a oariouB instance of tliis influence in 
India. The Western Ghauts, which run parallel to the 

coast of the peninsula at a distance of from 50 to 60 miles, 
had a break in them of about 40 miles in width, through 
which the railway from Madras to the west coast is taken 
atalerelof I aoofeetaboreihe level of sea. About somiles 
below the crest of this slope, the railway leaves a dry, bare- 
looking country, and dashes at once into a rich-looking 
bamboo jungle, where the vegetation was most luxuriant. 
It was found that although the south-west monsoon passes 
with full force through this gap in Ihe range of hills, the 
rain stopped at this line of jungle ; that at a distance of a 
few hundred yards to the west of the lino there was pro- 
bably a depth of 60 inches of rainfall in three months, 
while at the same distance on the east side of the line there 
was 6 inches of rainfall. It happened, on inquiry, that 
the line of no rain had travelled backwards a distance of 
7 nules in the course of twelve years ; that when the forests 
were cut down and the ground laid bare to the action of 
the sun, the rain ceased. It is said in explanation that the 
Bun during the south-west monsoon is almost vertical, and 
shines down on the bare dry soil, creating by its heat an 
upward current of hot dry air, which, encountering the 
rain, turns it into vapour, which is carried away by the 
south-west wind, bestowing here and there a shower when 
it passed over forest-land, but never descending again in 
any body till it reaches the Bay of BengaL 

XIII. — Drainage in the Fen Districts. — The Ancholmb. 
— Pbinciples established. — The Bsdsobd Lsvxl^ 
South, Middle, Nobth. — St. Obbicains Sluzob and 
Stshoit. 

. In the reign of Charles L, about the year 1639, it was 
first determined to drain the great level of tiie fens, an 
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eztensiye distriot of low manliy land about tho river 

Ancbolme, on the east coast of England, bordering upon 
the river Humber ; with the Bedford Level, so called after 
the Earls of Bedford, probably at first an estuary of the 
Wash, into whioih the riven Witham, WeUand, Glen, 
Nene, and Ouse were discharged, with the valley of the 
Withain also draining into the Wash. In the north of 
Lincolnshire "the fens do not extend more than 4 or 5 
miles inland ; in the south of that county they are 20 
miles in width; and between Peterborough and Lynn, 
which is the widest part, they are 30 miles wide. The 
fens terminate a few miles south of Ely, and the whole 
length of the district is about 130 miles. 

With the exceptions of the Lincolnshire Wolds to the 
north, and a small tract which penetrates it to the south 
and south-west, the whole fen district has nearly one level, 
much of which is beneath that of the sea, especially about 
its middle and southern parts. The water flowing into 
and falling upon so extensive an area from elevations too 
small to impel it onward, would naturally be arrested in a 
marsh, the lowest point of which was midwiqr flouth of 
Ely, and the whole length of the distriot is about 130 
miles. 

The drainage works of the Ancholme Level in the nortli 
of Lincolnshire, executed in conformity with the terms of 
Sir John Eennie's report, have already been described, 
page 52. Bir John Bennie briefly indicates the leading 
principles of drainage thus practically established : — 

1. The formation of catch-water drains, by which the 
high land waters were separated from the low land waters, 
and each class of water was conveyed to independent sluices 
at the lowest practicable outfalls. This system was first 
practised by Mr. Bennie about the year i8ox in. the 
Witham drainage. 

2. The straightening, deepening, and general improve- 
ment of the main river, separating as much as possible the 
navigation from the drainage. 
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3. The formation of OTerfalte, weirs, and reeeryoire, for 

arresting the sand and mud, and preventing the drains from 
being choked between the sea and their inland borders. The 
result was a large fresh- water estuary which for manjagea 
was probably the sole charaoteristio of the fen. 

The prinoipal riyers forming the water-drains to this 
district are, the Witham, the Welland, the Nene, and the 
Ouse. The Nene and the Ouse, both of which rise in the 
same county, take directions nearly at right angles to each 
other, and discharge themselyes into the WaeJi within a 
few miles of each other. The riyer Onse is tortaons. Its 
main branch rises at Gent worth, about 10 miles from Buck- 
ingham, which is 80 miles from Lynn ; but the river passes 
over about 160 miles in its course. The river Nene origin- 
ates in two springs, north and south of Dayentry. Ita 
course is easterly to Northampton, where it becomes nayi- 
gable. The direct distance to the outfaJl at the sea is 60 
miles; but the course of the river is nearly 100 miles in 
length. At Peterborough it enters the fens, being chiefly 
conducted through this region by artifiidal cuts, so that it3 
original channels are in some oases hardly traceable. The 
y alley of the Nene is lost 30 miles before it falls into the 
sea ; that of the Ouse extends no farther than St. Ives, 
and the river runs a course afterwards of 50 miles to the 
outfall at Lynn. It is apparent that these and other rivers 
all seek a common outlet, oyer lands which are no higher 
than their beds, and are only preyented by embankments 
from distributing themselves over the soil. The extent of 
country drained by the VV^aah comprises altogether about 
5,000 square miles. 

The region of the Bedford Leyel^ a plan of which is 
giyen in Fig. 62, extending between Peterborough and 
King's Lynn, is diyided into tiiree parts — the South Level, 
the Middle Level, and the North Level. The South Level 
is drained by the Ouse and the Bedford rivers, which, as well 
as the Well Greek, haye been variously treated. The first 
appUancCi Denyer Sluice, placed at the confluence of these 
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rivers, by keeping up the water of the Bedford Siver to a 




lugher leveli caused all the fens in the district to be flooded. 
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In 1 7 13, the duioe was canied away, after which, hj the 

silting up of the Ouse, the South Level became more 
flooded than before. In 1750, the sluice ^ras reinstated 
bj Labelyere, and as the harbour of Lynn still sufPered 
from aooumulations of sand and silt, it was proposed to 
straighten the Ouse by cutting off a bend in tiie liyer 
above the harbour, in order to shorten the course of the 
river from 7 miles to 3 miles, thereby giving a greater fall 
a* n'eU as a greater depth of oiitfaU. For these objects, 
the £au Brink Cut was constructed and was opened in 
i8ai. It answered expectations, lowering the low water 
at its U|)pur end by 6 or 7 feet, and improving the 
navigation up to and in the harbour of Lynn. In conse- 
quence, the cills of Denver Sluice were lowered 6 feet, and 
the tide, which before hardly lifted itself in the Bedford 
mver, now penetrates almost to the end of it. This river 
was conriderably deepened, and the channel of the Ouse, 
previously much silted up below Denver, was speedily 
cleansed in consoc^uence of the increased speed and volume 
of tide that swept through it. The cost of the Eau Brink 
Out was £600,000 ; it is rated upon the lands drained by 
the rivers having their outlet into the Ouse, which amount 
to 250,000 acres, including a portion of the Middle Level. 

The North Level was for many years drained by the 
crooked course of the old None Hivor, the internal drains 
being kept cleared, as far as possible, when there was 
was not a good outfalL The Nene, in consequence, con- 
tinued to dlt up, and became less and less capable of dis- 
charging the waters, not only from the back country, but 
also from the lands along its banks. 

The hrst attempt at improving the outfall was proposed 
by Kinderley, in 1721. In 1770, after four breaches of 
the banks of the Wisbeach il^ver had been xnade, a cut 
commencing five miles below Wisbeach was- completed, 
but it was only i ^ miles in length. Though it was only 
half of what had been proposed by Kinder ley, it directed 
attention to the root of the evil. It was soon found that 
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the immenfle sandbanks immediately below the oat, which 
had been partly deared away by the operation of the out, 

began to accumulate to such an extent, as early as 1 804, as to 
cause great anxiety, while the navigation to Wisbeach was 
unsatisfactory : for large shipping it was destroyed. Be- 
porting in Mr. Bennie showed that, aooording to the 
levels taken by him, the fall on the 5 miles from Wis* 
beach Bridge to Ounthorpe Sluice was only 6 inches, but 
from the Sluice to Crabhole, on the Nene Outfall, a distance 
of about 5i miles, the fall was 13 feet. A new channel, 
called tbe New Cut, on the Nene Outfall, was constructed 
from Ounthorpe Sluice to Crabhole, and the water was 
turned into the new passage in 1830. The effect of the 
scour so produced upon the sides and bottom of the cut 
was so great that it was necessary to protect the banks with 
a large quantity of stonework. The dimensions of the New 
Cut at the lower end, at Crabhole, and at the upper end, 
at Kinderley's Cu^ were as follows : — 

Lower end. Upper end. 

Width St the top . • • 370 <oo 
Do. bottom . . 165 135 
Depth 24 34 

There is a regular depth of 8 feet below low water. The 

cost of the New Cut, or Nene Outfall, from Kinderleys 

Cut to Crabhole, was £200,716. As soon as this work was 
accomplished, a new sluice was constructed to discharge the 
waters of the Level into the Nene, the cill of which was 
laid 5 feet deeper into the old channel than the one which 
was superseded by it, and the opening for waterway was 
36 feet "wide, instead of 17 feet as formerly. The North 
Level Main Drain in connection with this sluice was formed 
in a south-westerly direction up to Clough's Cross, a dis- 
tance of Z\ miles, 8 feet deeper than the Old Sluice Drain, 
and of six times its capaci^. From dough's Gross the 
new drainfl diverge into two lines, called respectively the 
New South Eau and the New Wryde, which receive the 

h3 
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waien from ereiy district of the North LoYoly including the 
Newboroiighi Borough Fen, and Great Fortsand. When 
the works were opened in 1834, their effioaej was found 

to surpass the most sanguine expectations. The opening 
of the Nene Outfall had the effect of adding from 10 foot 
to 12 feet to the depth of water in the river at Wisbeach, 
solely by the action of thesoonr ocoasioned by the lowering 
of the outfall. The trade of the town was inoreased from 
55,040 tons in 1829 to 63,180 toab in 1830, and to 167,443 
tons in 1847. 

The total sum expended on the later works was upwards 
of £100,000, and the area drained is 200,000 acres. Land 
which, previous to 1848, was only worth ^5 per acre, 

would then fetch from £60 to £70 per acre. 

The Middle Level presents a much more complicated 
Bystem of drainage than the other levels, having a network 
of learns, drains, eaus, and riyers, running in all directions, 
in some oases at rig^t angles to the outfall, and in others 
in a oontraty direction. The principal artery cl this area 
is the old river Nene, from which an embankment alone 
separates it. The river takes a very circuitous course : it runs 
through Whittlesea, Ugg, and Bamsey Meres, and thence 
to March and Upwell, where it is connected with the Ouse 
bya junction widi Popham's Eau and Well Greek. Ithad 
for many years past been a source of contention between 
those using it as a navigation and the owners of land 
requiring to make it available for drainage. 

In 1842, Mr. James Walker reported on the drainage of 
the Middle Level, affecting an area of 140,000 acres, exelu- 
sire of the high lands about Whittlesea and March. With 
the exception of these lands, the whole of this vast area 
was drained by artificial means. He proposed a main Hne 
of drain to commence at the upper end of the Eau Brink 
Out^ above the Marshland Sluice, to Caldecot Fann, on the 
west side of Whittlesea Mere, to be level for its whole 
length, 31 miles ; but it was only partly constructed. It is 
called the Middle Level Drain, or Walker's Cut, Fig. 63, 
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extending 11^ miles from the junction with the £au Brink 
Oat, and oommiudcadng with Popham's £aa and the 
Sixteen Feet Biver, which are two of the main drains of 

the Middle Level. A dniee, known as the 

St. Germain 8 Sluice, wa8 built at the outfall 
or confluence of the main drain with the Ouse. 

As at first made, in 1847, Walker's Cut 
was 50 feet wide at the lower end, 40 feet 
wide at Well Greek, and 30 feet wide above 
Well Creek. The level of the bottom, at the 
outlet^ was 5 feet below low water in the 
Ouse, and that of the cill was 8 feet below. 
It indined upwards at the rate of i inoh per 
mile to Well Greek, where slnices were placed 
to keep up the level of the water in this river 
for navigation. The cills of the sluices were 
. laid at the same level as that of the outlet 
sluice at die upper end of Eau Brink Out, 
and they consisted of three openings of ao 
feet each. In 1848, it was determined to 
deepen all the main rivers and drains of the 
Middle Level, with a few exceptions, for a 
length of about 1 10 miles, by from 4 feet to 
6 f eety with widths at the bottom of from 
1 2 feet to 30 feet ; to make new cuts or 
junctions, and to construct locks at Upwell, 
Horsway, and Ashline, for navigation. In 
consequence of these works, which were com- 
pleted in 1852, tiie water in the rivers and 
drains was lowered 6 feet. 

In 1857, Mr. Walker's original design was further car- 
ried out by the deepening of Walker's Cut 4 feet, or to 

1 foot below the eUl at the outlet^ with a level bottom for 
its whole length of \\\ miles. The width at the bottom, 
thus deepejied, was 48 feet. The slopes of the sides are 

2 to I feet, and, according to Sir John Ilawkshaw, writing 
in 1S63, the level of the bottom is 7 feet under low water 
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of spring tides in the river Ouse, at the point where the 
drain enters the river. The rise of the tide in the Ouse at 
that pomt is about 19 feet at spring tidee^ and the level of 
the dll of the St. Oermains slnioe is 6 feet below low-water 

of spring tides. The bed of the drain at this place is of 
soft blue clay, and the sides consist of variable thicknesses 
of soft blue day, peat, yellow day, and surface soiL Of 




Fig. 64.— Oofferdama and STphona, Middle Level. Plan. 



these materials the side banks above the level of the 
ground are composed. 

On the 4th May, 1S62, the St. Gennains Sluice gave 
way, the tidal waters were admitted from the river into the 
drain, and rushed up and rusihed down again with great 
velodty. For a distance of 20 mUes the waters ebbed and 
flowed. In the course of a few days, the banks were 
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breached at a point about four 
mileB abore the sluioe^ and an 
area of upwardB of nine square 

miles, or about 600 acres of 
land, was inundated. 

Sir John Hawkshaw, who was 
entrusted with the work of re- 
pair, determined to eonstroot a 
permanent cofferdam of pile- 
•\\ ork acroRa the drain, as the 
only structure that was likelj 
to answer the purpose* Two 
rows of sheet piling, 25 feet 
apart, were driven across the 
elopes at the side of the drain, 
which is shown in section, 
Fig. 65 ; and the intermediate 
portion, across the bottom and 
the lower parts of the sides, 
consisted of pairs of whole 
timbers driven down, 7 J feet 
apart from centre to eentre, 
and the interrening spaees were 
occupied by panels 7 inches 
thick. The dam \sas strongly 
fortified by struts and ties, and 
was filled with day^ sacks of 
gravel, and, in the centre, 
launch — a hard chalk-stone. 
Figs. 64 and 65. 

Sixteen syphon-pipes of cast- 
iron, 3^ feet in diameter, were 
laid across the dam for dis- 
charging the waters, at an in- 
clination of 2 to I at each 
side. The upper portions of 
the syphons are honzontal, at 




the crown of the dam, 



Digitized by Google 



158 DRAINAGE OP LANDS. 

and the ends also are hovizonial at the bottom of die 

drain. The ends are laid 18 inches dear below the level 
of low water of spring tides, and they are consequently 
always under water. The top of the syphon is 20 feet above 
the same leveL The syphons are set in action by exhausting 
the air from the inside, by means of an air^pomp worked 
by a steam-engine. The air-pump has three 15-ineh 
cylinders worked together by means of a three-throw crank- 
shaft, with a stroke of iS inohes. The engine is of 10 
nominal horse-poweTi having a X2-ineh cylinder with a 
stroke of ao indies. 

The total quantiliee of the several kinds of material used 
in the construction of the ooEerdam and the syphons are 
as ioilowB : — 



ComBDAM, 

Timber • • • • • 90,693 oabie Iset 

Iron 75^ ions. 

Cement • • • • • 432 casks. 

Clunch • • • • « 2,444 tons. 

Sacks 369524 in namber. 



SvPBOKS. — ^The total weight of metal-w<»k in one i^yphon^ 

exdusiye of the pipes and the connections, is 36 tons, and the 
total weight of metal work in the sixteen syphons, includ- 
ing the communication and air-pipes and connections, com- 
plete in every respeot» is 610 tons. 

XIV.— The Witham Drainage. 

The river Witham takes its origin near South Witham, 
a village about 10 nules north of Stamford; thenoe it 
flows nearly due north to Idnooln as a small stream draining 

the lands through which it flows. Thence it takes a south- 
easterly direction through a level tract of coimtry to the 
sea, as shown in Fig. 66, passing on its way the town of 
Boston, which is called the metropolis of the Fens. The 
river takes the whole of the waters of the northern por- 
tion of the Lincolnshire Fens, known as the ist, 2nd, 
3rd, and 5th districts \ likewise the East, West, and Wild- 
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meire FeiiB of the 4th distriot^ and Holland Fen. Theee 




surfaced comprise an area of about 137,000 aoree of land. 
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The Witham was originally a tidal river, and nayigable 
to linooliii a diBtanoe of 30 miles. By neglect it became 
much silted up ; and, as a remedy, a sluice was erected at 

Boston about the your 1530, under tlie advice of a Dutch 
engineer, May Hake. Tiie sluice failed to perform what 
was expected of it. In 17 51, Boston Haven, then a reach 
of the liver below Boston, partlaUy silted up, so that, though 
large vessels of 200 tons previously came to Boston, only 
sloops of 50 or 60 tons could then arrive there. The North 
Forty Foot was blamed for abstracting the water-supply 
of the river. A new sluice, called the Grand Sluice, was 
substituted for Hake's Sluice, and was built across the 
river a short distance above the town. It consisted of four 
arches, about ai feet wide, one of which was used as a 
lock. Self-acting sea-doors were hung on the outer side 
of tlie sluice, and, in the interior, slackers or draw-doors 
were hung for regulating the level of the water in the 
river. The cost of the works amounted to ^60,000. It 
was found, after all, that the drainage and the navigation 
were inconsistent with each other. The river, left to itself, 
silted up. 

The land in the East Fen, originally the lowest in level, 
became lowered by the thorough drainage to the extent 
of from I to 2 feet — in seine cases 2|> feet — ^below its 
original level. The upper surface of the soil, fuU of peat 
and organic matter, was saturated with water, and as the 
soil has, in the course of years, been worked and cultiyated, 
the organic matter has gradually decayed. By drainage 
the soil has become less sp<mgy and compressed, and there- 
fore it has subsided from its original leveL Hobhole Drain, 
iu consequence, did not work so effectually as at first, and 
water, in wet seasons, was left for a considerable length of 
time on the lowest lands. Sir John Hawkshaw was, in 
1861, consulted on the question. He proposed, by an im- 
provement of the haven, to lower the low-water mark; 
or, as an alternative, to erect a sluice about the middle of 
the drain and a steam pumping- engine to lift the water 
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from tlie low-level portion of the drain at the lowest lands 
— ^that is to say, at the upper section of the drain — to the 
level of the high-leyel portion. Ajb the first alternative 
inyolyed the co-operation of all the trusts oonoemedy the 
second 'was adopted, and pmnping-machinery was, in 1870, 
erected at Lade Bank, a btatiun on the up^ur part of Hob- 
hole Drain. 

The works comprised — (ist) a sluice or dam, having 
three waterways, each 12 feet wide, and as high as the 
dam, dosed by ordinary swing-gates, in pairs. The central 

waterway is also used as a navigation-lock, having two paira 
of gates. (2nd) Two pump-wells, each 12 feet wide, also 
closed by ordinary swing-gates, in pairs. The engine-house 
is built over the wells. (3rd) The boiler-house, with storage 
for coals, and the chimney adjoining. In each pump-well 
there is a double-suction Appold centrifugal pump, having 
a horizontal fan 7 feet in diameter, 2 feet 2 inches deep, 
on an upright shaft. On this shaft, at the upper end, a bevel 
pinion is keyed, which is driyen by a mortice bevel wheel 
on the main-shaft of the steam-engine. There is a pair of 
engines, self-contained, on one bed-plate, to each pump. 
The engines are condensing, vertical, and direct-acting, 
with a rocking-beam parallel motion. The cylinders are 
30 inches in diameter, with a stroke of 30 inches. They 
are worked expansively, the steam being out off at one- 
fourth of the stroke ; and the engines make 36 revolutions 
per minute. The two pairs of engines are supplied with 
steam from six Lancashire boilers feet in diameter, 23 feet 
long, having two furnace-tubes 2^ feet in diameter. The 
working pressure in the boiler is 45 lbs. per sqxiare inch. 

The excavations, buildings, and machinery were erected 
in one contract by Messrs. Eastuns, Amos, and Anderson, 
for the sum of 17,000. 

The entire drainage of 35,000 acres of land is now per- 
formed by means of this machineiy. It was well tested 
during the winter following the time of its completion, 
Within 36 hours, on the 7th and 8ih December, 1870, there 
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was a fan of Tain equiyaieiit to 94 inch, while the total 

raiafall of that month was 50 per cent, in excess of that 
of any winter month during the preyious forty years. It 
appeared that, whereas in Jannazy, 1S67, with a rainfall 
of 5*33 inchesy an area computed at from 10,000 to 12,000 
acres was placed under water for seyeral weeks, the i^ole 
of the district was kept perfectly clear of water in the 
month of December, 1870, with 5*28 inches of rainfall, by 
means of the new maohineiy. 

The total working expenses for the year ending March 
31, 1872, amonnted to ;^573. For the preceding year it 
was ;^49o, or from 3.Jd. to 4d. per acre drained. The cost 
of the works was at the rate of los. per acre, which, taking 
interest at 4i per cent., represented 5d. per acre. 

Statistics qx Wo&il at Lade Bank. 

Year ending jxit March, 

X87X 1872. 

Average number of tunis of engiines 

per minute . • • . • 36*02 38*20 

Average lift inches 44*77 4 5 00 

Sum of hours worked by both pumps 794'25 980 5 

Weight of water discharged tons 13^564, 19O 18,296,130 
Coals consumed during working 

hom . • . . tons 328 39725 

Engine oQ oonsitmed . * gallons 25*75 20-25 

Tallow consumed • . pounds 181 135 

Waste used • , . pounds 135 85 
Wages paid : — 

Furst and second drivers, yearly . £158 12 £158 12 

Boy, yearly • . • • 15 t2 18 4 
Fiiemeii, 2,085^ hzs. at 3id. per hr. ) ^ 

In conclusion, it may be stated that a great number of 
engines are in use in the fens for pumping the water o£E 
the lowlands into the mersi on lifts ▼aiying liom 4 feet to 
10 or II feety and up to 15 or 16 feet as a Tnairiinmn. Tke 
work is intermittent, as the engines are only in use during 
the winter and wet weather. Before the use of steam- 
power, which was introduced upwards of sixty years ago, 
drainage was effected by means of windmills. The earliest 
steam-engineB were beam-engines of a masaiYO charaotery 
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working at a pressure of 5 lbs. per square inch, the steam 
being oondonaed bj jet condenseis. Two of tlie largest of 
these engines were at Podehale, near Spalding, need for 
the drainage of 30,000 aores of land in Deeping Fen : one 
being of 80 horse-power, the other of 60 horee-power, 
driving scoop-wheels 31 feet and 28 feet in diameter, and 
lifting together about 14,900 cubic feet per minute. The 
cireumf erential velooity oi the wheela was from 5 to 6 feet 
per second. The next largest sooop-wheel was that on the 
Hundred-feet Biver, for the drainage of the Lilleport and 
Downham district in the Bedford Level. It waa 50 feet iu 
diameter, and was driven by a condensing beam-engine of 
So horse-power, raising the water an average height of 
15 feet. Other engines Taxied according to the area of 
the district^ some being of 8 or 10 horse-power. Sooop- 
wheels are now being superseded by centrifugal pumps ; 
and for driving pumps for the drainage of land, the sim- 
plest vertical or horizontal non-oondensing steam-engine, 
in the hands of men who know nothing of mechanical 
oonstmction, is preferable to votatiye condensing steam- 
engines. 

XV. — ^Draiwaob nr the Vallby of the Po. 

The valley of the Po, the most extenslTely irrigated dis« 
trict in this world, is remarkable for the excellence of the 
drainage works ezecnted in recent years. In less than 

thirty years, from 1850 to 1879, upwards of 600,000 acres 
of marshy land, in the provinces of Venetia and Emilia 
alone, have been drained and transformed into rich coim- 
txy. The long lines of chimneys bordering the Canal 
Bianco, belonging to steam eleyating maddnery, remind 
one of a district in Lancashire. The question of drainage 
has from all time occupied the attention of the population 
of these Adriatic districts ; but, in consequence of the di£&* 
culfy and, more often, the impossibility, of drainage, by 
natural flow, it is only since the adrent of steam that the 
work of drainage has been thoroughly performed. 
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Drainage by maoliineTy in the valley of the Po i8 almost 
entirely carried out on one uniform plan. The ground to be 
drained is fenced round by catch-water trenches or eanals, 
and oocasionaUy; when it is necessary to prevent infiltration, 
the bottom of the oaaal is deeply trenched and filled with 
day. Within the eircnmscribed territory, a system of 
drains is cut, in which the water is conducted to the lowest 
level at a point conveniently selected, where the elevator is 
erected. By the elevator, the water is lifted into a canal 
or a riyer, in which it is carried off by gravitation. The 
elevators have to deal with vaiiable voltunes of water at 
variable heights ; but, in general, the greater the height 
the less is the quantity to be lifted, so that the work to be 
done is in some sort constant. The heights vary generally 
as I to 3. 

Three systems of machines exclusively are emj^oyed as 
elevators : centrifugal pumps, turbines {rowUy Fig. 67), and 
lifting- wheels {roues eUvatoires), All of these machines are 
moved by steam-power, and they are the most economical. 
Piston-pumps, employed to raise large quantities of water 
through small heights, have shown not more than 35 per 
cent, of eflidency. Ctotrif ugal pumps are of great variety 
of form, differing principally in the shape of the blade. 
The turbine is only a centrifugal pimip on a vertical axis, of 
which the pipes are replaced by the sides of a welL It con- 
sists essentially of a circular crownplate, having a central 
opening equal to that left by the crownplate. The wheel is 
placed low enough to be submerged at all levels of the 
water. It is driven by toothed gearing or by bands. The 
diiference between the turbine (rouet) and the centrifugal 
pump is that the passages for water are much larger in the 
first than in the second. Oonsequentlyy the velocity of the 
water is less and occasions less friction, whilst the water 
escapes more freely. For small quantities of water, the 
pumps are more economical than the turbines, as the cost 
of construction of wells is saved. The turbines adapt 
themselves to great variations of level, whilst maintaining 
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aliigh ratio of effidency, about 75 per oeni. Speed is, 

according to one system, altered by means of changes of 
toothed- wheel geariu^^ to suit the various levels. According 
to another system, the speed is maintain f d constant for 
different leyels^ but the efficiencj may fall as low as 60 
per cent 




Fig. 67.— Turbine, Po Valley. 

Foir this reason, centrifugal pumps and turbines are, in 
the Po yalley, being gradually replaced by lifting-wheels, 
Fig. 68. These wheels are arranged like undershot water- 
wheels, but with the reverse action, that the water is raised 
by the wheel. Originally, the blades or floats were straight 
and radial, and the wheels were of low effidenoy — about 
30 per oent. They dashed the water about as each blade 
entered it, whence their Italian name of rmU a schiajo 
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(literally, alapping-wlieeib}. The bladei are now indmed 
at about 60^ to tibe radius, and are formed with a double 

cuxYaturei so Uiat tlie water is lifted without agitation or 

useless elevation ; and 
bj means of a sliding 
iron shutter, the open- 
ing for Ihe access of 
water to the wheel is 
formed at the lower 
part only. The effi- 
ciency is increased as 
the difference of levels 
is increased, and it 
averag-es Po per cent. 

^ X... 1 T. ,r , The wheels mannfao- 

Fig. 68._L.fUng Wheel. Po Yul Mr. Zuigilo- 

rami are constructed entirdy of iron, and some of them 

are made as much as 39 feet in diameter. The side walls 
are exactly dressed with a clearance oil the wheels not 
exceeding one centimeteri or four-tenths of an inch. The 
TOiniTyiiim immersion is ao inches for wheel of a6 feet. 
He oiroumferential Teilodty is constant^ about 57 indiee 
par second.* 




XVI* — ^DnAiNAos ov Pbat Boos nr Xbslato. 

The reclamation of the extensive peat bogs of Ireland 
has become matter of general interesti and specially to 
practical agiicultuiists. The growth of peat has been 
ascribed to various causes, amongst which the destruction 
oi forests, by interrupting the drainage of the country 
and causing stagnation of water, and the consequent growth 
of aquatic vegetable matter^ is the most generally received 
opinion. The growing surface of bogs is, in fact, coql- 
posed of a distinct predominant moss, the iphipiMm paiu9§r09 

* See a fall aoQOimt of this dr inin^ machinery in the " Bolleti&ds 
a Sooi^U d'EnoouiagemenV i^^Sf P«SO a66. 
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or bog moss. It grows in a state of aotiTity Tavying 
aooording as water is more or less abundanily Bupplied to 
its roots. It is to the successive growth and decay of the 
moss that the enormous accumulation of vegetable matter 
in bogs is to be attributed. 

The wettest part of all bogs is about the oentrOi whieh 
is most remote bom drainage. The surface rises gradnalljr 
towards the middle, as there the sphagnum grows in the 
greatest luxuriance, the surface being either covered with 
water, or in a semi-fluid state. The quantity of water 
held by the moss or detained in the peat forms a large 
X^roportion of the whole bulk. Messrs. ICullins mention 
some striking instances of the contraction of peat deposits 
when penetrated and drained. The Edenderry and the 
Ballinasloe bogs, through which the Grand Canal of Ire- 
land passes, sank 43 feet and so feet respectively when 
cut through, insomuch that parts of the route shown in 
secdon on the plans as deep cuttings had ultimately to be 
embanked. The Edenderry bog lies in a basin, the bottom 
of which is many feet below the adjacent river, which had 
been at one time the site of a lake. The Ballinasloe bog 
extends for a distance of is miles between Shannon Har* 
bour and Ballinasloe. This district had been no doubt 
the site of a deep lake formed by large rivers in the 
vicinity. 

The sources whence bogs derive the water which enters 
into their composition and pezpetoates their growth are 
twofold : namely, internal springs issuing from the sub- 

eoil on which they rest, and tho rains that fall upon their 
surfaces. Correspondingly, the system of drainage is two- 
fold, acting on the top and acting on the bottom. To 
0£Eect this object, the original outlets of the bog must be 
ascertained, which is easily done by taking levels over the 
surface of the bog intended to be drained, and noting the 
depth at each station. Duly plottinp: the data thus obtained, 
it is generally found that the natural outlets are in the 
lowest situaticms, and are easily converted into tap-draini^ 
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bj xemoving all obBtraotiona in them, and maJdng a sufBi- 
cient fall by flinking to the necessary depth. If it be found 

that such, outlets do not command the drainage of the 
imdennost strata of peat, new drains may be formed at 
lower leyels, these taps being brought up to the verge of 
the bog; whilst^ as far as practiGabley main disefaai^iing 
drains should be sunk leading towards the taps, if the bog 
be of sufficient solidity to admit of their being kept open. 
If the moss be wet and deep, it is useless to attempt the 
making of a main drain in ^e first instance, unless where 
a stream running through a bog admits of sinking to the 
grayel. Where main drains are impraeticabley surface 
drains, which are to be resorted to in all cases, should be 
made in number and direction proportionate to the extent 
and degree of fluidity of the body, leading in the direction 
of the fall of the surface to the outlets. Such drains may 
be opened about 5 feet wide at the top, i foot at the bottom, 
and sunk to the depth of 3 feet, if the moss be sufficiently 
firm to admit of tlieir being made to these dimensions. If 
not, a less breadth and depth will suffice in the first in- 
stance ; and by subsequent operations, as drainage pro- 
ceeds, they may be sunk to the specified depth and breadth. 
While subsidence continues, by which the depth of the 
drains in relation to the surface will be diminished, they 
should be kept to the given sizes by repeated widenings 
and sinkings. When consolidation has in a degree taken 
place, some of the surface drains may be gradually widen- 
ened and sunk to a greater depth, to act as main conductors 
Into the principal natural outlets, which are always near 
the verg^e or lower edge of the bog. 

In constructing the Ballinasloe Canal, for instance, opera- 
tions were commenced by making a drain in the centre-line 
of the canal through its entire length, 5 feet wide. As 
shown in Fig. 69, parallel drains of like dimensionB, a a, 
were made at each side, 30 feet from the centre, which 
lined out the limits of the top opening of the canal, allow- 
ing a slope of 9 inches to the foot, ftnanTning that the 8ubsi« 
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dance of the bog^ would izusreaBe the dopes to i8 incthes to 

the foot. At 4 perches and at lo perches from the centre, on 
each side, parallel drains, b, b, and c, c, were made of like 
dimensions, making seven drains in alL These were crossed 
by drains at right angles. 

'When bog is found snfBciently firm to allow main dis- 
charging drains to be sunk in the first instance, tliese 
should be made in the required number to discharge into 




Hg. 69.— Braimge S^^m on the BaUintaloe Ouial, Ckmtovr 

beotioiiB showing Babsidences. 

the natural outlets. The surface drains should then lead 
at right angles into the main drains. The sides of the 
drains require a greater or less degree of slope, to prevent 
collapse, according to the degree of humidity of the bog. 
In comparatively dry peat, the sides may be cut nearly 
vertical without risk of their falling in. If desired, some 
of the main drains , may be made navigable at a trifling 
cost, for small boats, to cany olay and other manure from 
the upland; and to facilitate other agricultural operations. 

I 
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Some bogs may be efEeotually drained in the eoune of a 
year or two ; othera may require four or five y eara^ or even 
a longer period. The work of drainage should be carried 

on gradually, allowing time for the consolidation of the 
surface. When the bog becomes sufficiently consolidated 
to bear the weight of carts and horses in dry weather, the 
next prooess is to level the irregularities of the surf aoe for 
cultivation, and to fill up the smaller drains with a covering 
or top dressing of limestone gravel, mixed with clay or 
marly if found beneath. The peat will, in the course of a 
year or two, be oonvertedi for some inches in depth, into 
black mould. 

The perfect drainage of a deep red bog, the drainage of 

the whole mass of peat down to the substratum on which 
it rests, is a problem of a different kind. Mr. T. J. Mul- 
vany describes the method employed for the drainage of 
the Mantua turloughs, in the County Bosoonmion, Eig. 70. 
The principal work was the formation of a cut, varying from 
20 feet to 30 feet in depth, nearly one mile in length, 
through one of the wettest bogs in the county. In con- 
junction with the formation of this deep cut, the complete 
drainage of the bog on both sides of the cut has been 
eif ected to the extent of upwards of 300 acres. 

The bog cut constitutes a part of the works of the 
drainage district of Lough Gara and Mantua, promoted 
by the Commissioners of Public Works. The immediate 
object of the out was to relieve from inundation the tur- 
loughs of Mantua, comprising about 700 acres of fine land, 
whicli was so circumstanced as to be liable, at certain 
periods, to be covered with water to a depth of from 8 to 
10 feet over the greater portion of its surface, and in some 
places z6 feet or xS feet* The turloughs or water hollows 
are about three mUes west of Mphin, and at the rear of 
Mantua demesne, from which they take their name. 

The cavernous limestone formation of a considerable 
portion of the County Roscommon, gives origin to a number 
of turloughs like those of Mantua, where there are extent 
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sive tracts of high, tableland, the surface of which is undu- 
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latiag, and is oorered with a shallow poioas soil lying on 
the limoBtone rock, as, for inatance, the plains <rf Boyle, 
and the Hill Hathcroghan. There are no streams or lead- 
ing draiuis in those districts. The rainwater which falls 
on them is absorbed Hi once through the porous soil and 
the fissures of the rooki or sinks into swallow-holee," 
which are frequent on the surf acOi and which appear to 
lead into extensile eairities within the mass of the rock, 
whence it is discharged as springs round the verge of the 
tableland. The streams from these springs frequently 
flow into some low basing from which there is no overground 
course by which the water oan pass off, but in the bottom 
of which there may be one or more subterranean passages 
or swallow-holes, which during the summer alford sufii- 
cient means of discharge for rainfall as well as for spring 
water. But when there is a continuance of wet weather, 
those passages are generally insufficient to cany off the in- 
creased supply from the springs and the rainfidl drainage. 
The water consequently rises and covers tlio lower por- 
tions of the lands, and it continues to rise until it finds 
vent at the lowest point of the verge of the turloughs, 
or until the discharge through the swallow-holes is suffii- 
dently accelerated by the head of water orer thenu 

Turloughs which owe their origin only to these causes 
may be drained either by catting oil the principal supply 
from the swallow-holes, wliich may be accomplished by 
altering Ihe course of the Btream before it enters the tur* 
lough ; or carrying it in a contour course round the deep 
part of the turlough, and across the lowest point of the 
ridge which bounds it ; or else by making a cut through 
the ridge at that part, to such a depth as to secure the 
perfect drainage of the turlough at all times. A deep cut 
of this description is preferable to a contour course. 

The turloughs of Mantua are at the northern verge of 
a tract of high tableland at a level of from 350 to 500 feet 
above the level of the sea, extending for a length of ten 
miles, from Mphin to Ballintobber, and for a breadtii of 




PEAT BOGS. 



from four to fire nules, between Tukk and Eallinagar. 
There are no riyers or streams to carry off the drainage 

water, and the great quantity of water whicli falls on this 
surface in time of rain is received directly into the fissures 
of the rock which forms the substratum, and collected in 
cayems^ whence the sprmgs aare supplied which abound 
along Hie verge of the district in erery direction. The 
turloughs are divided into three portions by ridges of com- 
paratively high land, which separate their waters, except 
when in a state of high flood. The lower, or eastern 
turloughy is the largest and deepest; the middle torlough 
^ is the next in extent and depth; and the southenii or 
Kinclare turlough, is the smallest, and is connected with 
the middle turlough by means of a small artificial cut. 
At full flood an extensive lake is fozmed, varying in depth 
from lo feet to i8 feet, and the quantity of land covered is 
nearly 700 acres. After the turloughs become once filled 
with water, the subterranean passages require a long time 
to carry it off ; and when the basin is nearly emptied one 
or two days of heavy rain are sufficient to raise the water 
to a high level again. It thus happens that the lowlands 
are generally covered for eight or nine months in each year. 

The cut through the bog is 30 feet below the original 
surface of the bog at its summit, so as to insure the com- 
plete drainage of the middle and southern turloughs 
through it. It was not considered neoessary to make the 
cut as deep as the lowest part of the eastern turlough, 
because the streams which flow into it are taken up at such 
a level as will admit of their being carried in a contour 
course round the very deep part, and through the ridge 
which separates the eastern and middle turloughs into the 
new cut at its intended level. Any rain that falls imme- 
diately on the low part of the eastern turlough is easily 
earned off by the swallow-holes. 

The line of the cut through the bog follows the general 
direction of the stream to Lough Bally, in a straight line. 
Upwards, it ouryes from the summit of the bog into the 
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middle turlough. The total length of the line, from Lough 
Bally to the amaU pool in the middle turiou^, called 
Carrigeen Lough, is rety nearly two miles. Threoi. 
quai-ters of a mile of this length from Lough Bally, and 
a quarter of a mile next the turlough, run in from 8 to 
lo feet of cutting through iirm peat, with a suhstratum of 
limestonei grarel, and elay • The central portLon, one mile 
in length, passes through the bog in from ao feet to 
30 feet of cutting, as before stated, below liie original 
surface. The sides of the cut are formed with slopes of 
I to 2 in the consolidated bog, and 1 to i in the clay and 
graysL 

In the operation of draining the bog on each ride of the 

cut, a drain was first formed in the centre line of the deep 
cut, and two others parallel to it, 20 feet distant on each side, 
Fig. 71. Similar parallel drains also were sunk at distances 
of 10 perches apart, on each side of the cut, to the extent 
of the bog proposed to be drained ; and cross-drains, at 
the same distance, leading into the centre cut, to which 
they were inclined at such an angle as best suited the 
natural inclination of the surface of the bog. The area 
was thus cut up into portions of 100 square perches. The 
surface-drains wm made 3 feet wide at the top, 18 inches 
at the bottom, and 3 feet deep. Near the centre of the 
bog, where it was wettest, tho drains could only be opened 
to very small dimensions at first, and then constantly 
worked on and gradually enlarged as the surface became 
consolidated. 

When all these surface-drains had been opened, tlie 

three drains on the line of the proposed cut were enlarged 
to a breadth of 6 feet at the top, 2 feet at the bottom, and 
4 feet deep. Eyeiy second parallel and cross-drain on 
eadk side of the cut was then enlarged to the same dimen« 
rions, cajre being taken to keep the centre drains con- 
stantly cleared, and in enlarging the cross-drains to work 
from the centre towards the bog, till the drainage water 
was thus led to the centre drains, when it was kept flowing 
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in very considerable quantity. The c(3ntr;J and two Hide- 
drains, and the portion of the cross-draius leading imme- 
diately into them, were constantly worked on and deepened 
acooiding as the gradual oonsolidation of the Bnrfaoe 
would permit, in order to Becmre the greatest possible sub- 
sideiice in the line of the main cut. When it was rec^uired 




Fig. 71. — Drainage of Bog in the District of Lough Gara 

and Uantua, Roscommon. 

A, Drains in centre line of otw eut. b, b. Main Dnins. 
o» Hinar JDnuni. D| SnifiMe Dnoni. 

to deepen the central drains, the drainage water was turned 
down the side drains, the central drain was cleared and 
deepened, the water turned into it, and the two side drains 
sunk to the same depth. The spoil from these three 

drains was placed on the banks between them, and small 
csross cuts were made from one side drain to the other, at 
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distances of 5 perches, along the length of the cut, in 
order to promote the consolidation of the intermediate 
banks of peat. 

The drains j ust described were made in the later months 
of 1846, and the surface of the bog was left to drain 
during the winter, without any further enlargement of the 
drains. They were merely kept clear to ensure efficient 
action. Small cuts were also made from any swampy places 
in the surface of the bogs to the nearest drain, so as to 
preyent as much as possible any water lying on the sui&oe. 
Meantime, the solid peat and gravel in the line of cut 
were excavated between Lough Bally and the wet portion 
of the bog, and also in the solid portion of the cut near the 
turlough. When the portions of peat between the centre 
and die two side drains were snffidentLy consolidated, th^ 
were excavated to the level of Hie bottom of the centre 
drain, and wheeled into spoil outside the side drains. The 
central drain was then sunk as deep as the state of the 
material would admit of, and kept constantly cleared until 
the peat was suficiently consolidated to admit ol another 
lift being taken off. 

In April, 1847, operations were commenced for enlarging 
the parallel drains 40 perches asunder, and some cross 
drains, to act as peimanent main drains. They were made 
from 6 feet to 7 feet wide at the top, and only 6 inches 
wide at the bottom, and from 6 feet to 7 feet in depth. 
Tkey were made so narrow as a preventive against the 
rising of the bottom. 

By those main drains the surface was divided into 
paxaUelograms of 10 acres in extent, which were sub- 
divided by the minor drains into portions of 2^ acres, and 
still further divided by the surface drains into lots of 
100 square perches. The drains are represented on the 
map, Fig. 70 : the surface drains by faint lines, the 
minor drains by strong lines, and the main drains by 
double lines. 

Since the conamencement of the works on the cut, the 
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surf aoe of the bog graduaUy subrided to a oonriderable 

degree, particularly in the line of the main cut. At the 
close of the year 1846, it had sunk 3 feet 10 inches at the 
summit of the bog, and in Beptember, 1847, it had sub- 
aided 10 feet 6 indues. At a later peziod it bad sank £rom 
14 feet to 16 feet 

XVII. — DaAiNiNO OP Deseet Land in TUii South 

OS FlUKCE. 

In the West of Franoe» near Bordeaux, there existed 
preriously to the year 1850, an immense territory of desert 

land, comprising nearly 2,000,000 acres, designated Les 
Landes de Gascogne." The territory is triangular in 
shape, extending along the shores of the Bay of Biscay 
for a distance of 140 nules» and parallel to tiie course ci 
the river Gironde, far a distance of 120 miles from the 
mouth of the riyer. 

The desert is a vast and nearly horizontal plain, at an 
ayerage leyel of 330 feet above the level of the sea. The 
surface is poor sandy soil, of from 12 inches to 30 inches 
in depth* Under the surface soil, there is an impermeable 
layer of silidous sand, agglomerated by yegetable matter, 
varying in thickness from 16 inches to 20 inches, and 
forming a sort of organic cement, which is known in the 
country by the name of *^ alios.'' Beneath the alios is a 
substratum of compact white sand impreg^ted with 
water. There is no trace of water on the surface in sum- 
mer ; but during winter, previous to the execution of the 
drainage works, the abundant rain of that coast, ex- 
perienced for more than six months, falling on the plain, 
could neither flow oft the sur&ce nor percolate sufficiently 
through the impermeable layer of idios. The water re- 
mained stagnant until it was evaporated by the heat of the 
sunmier. 

From the results of exact surveys, it appeared that the 
ayerage inclination of the ground was about i in 1,000, 
but tiiat in many parts it does not exceed t in a,ooo. It 

1 3 
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was diown that, upon the whole extent of the apparently 
horizohtal plain, there exiete from the summit towards tho 

valleys exceedingly regular slopes, but so gentle tliat the 
least irregularities of the ground hinder the water from 
following the normal decliyities. The small irregularities 
on the surf aoe, whioh hinder the flow of the watery are 
never more than from 12 inches to 16 inches above or 
below the normal slopes of the plain. It follows that a 
drain from 20 inches to 24 inches deep, having the bottom 
parallel to the general slope of the ground, could be made 
along its whole length, without necessitating a cutting of 
more than from 34 inches to 28 indies, in order to allow 
the water from rainfall to pass perfectly away. Moreover, 
a ditch extending along such sandy permeable ground, 
will drain the surface to a considerable distance on each 
side of it ; and as its average inclination would be about 
I in 1,000, the water would percolate slowly and regularly 
to it without causing injury to the sides. In consequenoe 
of the permeability of the surface soil very few drains are 
required. 

It was decided to make a triaL A superficial area was 
selected of about 1,250 acres of the desert, nearly on the 

summit, and in the middle of one of the most sterile parts, 
being in every sense under the most unfavourable con- 
ditions for draining the soiL At the time of commencing 
operations the ground was covered with stagnant water, 
so that it was necessary to move about on the stilts used in 
the country. The effect of the drains was immediate; 
the ground was so well drained that during the heaviest 
winter rain no stagnant water existed on it, and the water 
flowed away i^undantly and regularly. The rain water 
iAmediately percolated through the soil into the drains, 
and was never noticed to flow along the surface. Although 
it is over thirty-five years since these drains were executed, 
yet such is the slowness and regularity with which the 
water percolates into and along them, that they have not 
silted up nor have their sides been injured. 
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ShorOy after this trial ground was drained, it was sown 
with fir-seeds and acorns, and the result was so satisfactory 
that in the following year numerous proprietors of por- 
tions of the desert carried out similar works, and with 
equal success. In less than fiye years more than 50,000 
acres has been drained and cultivated for forests. Li five 
years from the first sowing on the trial ground, fir and 
oak-trees had grown over the whole area to a height of 
nearly 12 feet^ and each tree was about 12 inches in cir- 
cumference ahoye the ground. 

In virtne of special legislation, a general plan was pre- 
pared for draining the waste lands belonging to the com- 
munes, comprising about 720,000 acres, irrespective of 
864,000 acres belonging to private individuals^ which 
remained to be drained. The plan comprised the execu^on 
of the principal canals necessary for receiving and carrying 
away the water flowing from the land drains. For this 
purpose, the whole country had to be again carefully 
leveled, showing that the inclination of some portions of 
the plain was not more than i in 2,000. The main canals 
in the deparhnent of La Qironde were from 13 feet to 
16*4 feet wide at tiie bottom, and their total lengths 
amounted to 1,365 miles. The canal between the pools or 
lakes Liacanan and Langourarde, bordering the sand dunes 
on the coast, is 39*4 feet wide at the bottom, 6^ miles in 
length, and has an inclination of i in 4,000; and the 
canal made between the lakes d'Hourtuis and Lacanan, 
througli the middle of a marsh, for a distance of 5} miles, 
is 23 feet wide at the bottom. These two canals receive 
the drainage water of 200,000 acres of surface. 

In 1865 the drainage works of the conmiunal lands were 
completed at a cost of is. lod. per acre drained. 

With the exception of lands in dispute, the whole area 
is now under forest cultivation, consisting mainly of fir- 
trees, with oak-trees to a limited extent. The results are 
highly satisfactory. 
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DKAINAGE OP TOWKS AND BUILDINGS. 

SECTION I. 
Befufle Matter. — dasnfioation of Sitei. — ^Levels* 

The refuse matters to be discharged from towns and build- 
ings — consisting of the disintegrated materials of street 
paving and roads ; of superfluous rain-water ; of excremen- 
titious matters, solid and liquid; of the waste products 

of combustion ; of the refuse of animal and vegetable 
substances ; besides the various waste matters used in. 
manufactures — require arrangements of different kinds to 
be provided with regard to the purposes to which these 
matters may be usefully applied. For such discharges of 
these matters as are to take place tkiough subterranean 
channels, one principle is, however, common to all, viz. 
that the receptacle to which they are conducted must be 
situated at a level somewhat lower than that from which 
they are forwarded. The arrangements for this purpose 
will, therefore, be varied according to the nature of the 
site of the town. If this be low in relation to the surround- 
ing country, and level, the refuse may be indifferently 
collected within or without the town; with, however, 
the advantage in the latter plan of avoiding such exposure 
of the decomposed matters as tends to pollute the atmo- 
sphere, and at the same time saving distance in the transfer 
of such portions of those matters as are destined for agri- 
cuituifil uses. If the site of the town be a valley with 
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lower gronnd in the midst of it than is fonnd anywhere 

without its limits, the readiest point of collection will bo 
the lowest level in the town itself at which the drainage 
can be united, and arti&cial power will be required to dis- 
tribute such matters as are intended for agricultural pur« 
poses around the higher ground outside. From towns 
which occupy elevated sites, having lower lands around 
them, the refuse matters and drainage waters should be 
conducted away at once ; or, if found necessary to collect 
them, a point or points should be selected lor this purpose 
altogether beyond the limits of the town itself. 

In the several cases here supposed, the question of dis- 
posing of the refuse matters should be treated without any 
reference whatever to the presence of a river through or 
contiguous to the town, except upon the single consideration 
that such riyer, being in all probabttily situated at the 
lowest leyel of the site, may afford facilities, after Ihe 
refuse has been collected in reservoirs near its banks, for 
its conveyance in suitable barges or vessels tow'ards the 
higher lands for which some portion of this refuse is 
ultimately destined. Former practice in the art of town- 
draining has indeed regarded the one question of river or 
no river, as the grand determinal one for the disposal of 
drainage and refuse matters. How to get rid of the 
ftTiimal orduxe created within the walls of a town, m as 
formerly deemed to be satisfactorily answered provided a 
river flowed beneath, and oifered a tide to wash away 
in boundless wastefulness those matters which, properly 
applied, vnll endow barren land with the richest fertility. 

From the principles here laid dowTi, it will be understood 
that in the twofold purposes of the drainage of towns, viz« 
the supply of water, and the discharge and disposal of the 
refuse matters, the relative levels of the town, with the ad- 
jacent districts, and of the several portions of the town 
with each other, are the main considerations upon which 
the peculiar methods to be adopted in each case are deter- 
minable ; but it will also be evident that, generally, those 
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mufaoes whkih bm {he most &TOiirable for an eoonomioal 
water supply are the least so for the ready disposal of 

refuse matters, and the converse is equally true. 

Thus the flat districts on the margins of rivers and inland 
streams of adequate capacity are the most favourable sites 
for towns for the supply of water, but for drainage they 
are the least so ; since the main channels or sewers are 
required to be laid at low leyels, and the raising of their 
contents for use upon the ueig^libouring lands, which are 
probably much higher, becomes a very expensive process. 
On the other hand, a town on a hill-top is the most readily 
and cheaply drained;* but its supply with water, whether 
from springs, rivers, or surfaee drainage — all at lower levela 
— is a work of great and constant cost. 

Let us consider the several kinds of site which towns 
may occupy. 

Fir^L — plain or flat surface, with surrounding country 
of similar character. Water from nvers, springs, or from 

the surface of lands in the neighbourhood. Artificial 
power will be probably required to raise the water however 
derived. The drainage matters must be conducted into 
one or more main sewers, and raised by artificial power for 
dispersion. 

8eemd,—K plain or flat surface, with surrounding coun- 
try rising from the town. Unless well situated with regard 
to a river, the supply of water will probably be the most 
economically obtained from springs on the hills, or from 
the collection of the waters which accumulate upon their 
surface. The drainage matters, if destined for the higher 
lands, should be generally conducted by mains towards 
the outskirts of the town, and the question of levels will 
evidently derive, additional importance from the necessity 
of raising the sewage to levels naturally above that of the 
town itself. 

Third. — plain or flat surface, with surrounding country 

• With the qualiBcatioQ that ventilatioQ of sowen be amply pro* 
vided for. — [£uitor.] 
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falling from the town. The supply of water, beyond that 
derived from wells and springs^ will require artificial power, 
while the drainage nudtmxiiaj be ooUected in 
and, in all probability, disponed without any application 
rf power, by the force of their own gravity. 

Fourth, — An incliQed surface on the side of a hill. Water 
will be derivable, probably, from several sources. If a 
riyer flow at the base ot Ihe site, the lower parts of the 
town will be most eoonomioalljr supplied from it^ while for 
the higher the surface water from lands abore or springs 
will be the most readily available. The general system of 
collecting and distributing the drainage matters will be 
chiefly dependent upon the localities whore they are in«» 
tended to be ultimate. J disposed of. If these be on the lower 
part of the hill, the method will be very snnple, requiring 
only that main sewers be laid at the base of tho town, from 
which the sewage may be distributed without any appli- 
cation of artificial power. But if the disposal of the sewage 
be inevitably desired on the lands above the town, the site 
constitutes one of the least favourable for economical 
drainage, which will req[uire a constant expenditure of 
artificial power. 

A river-valley and a hill-top will evidently present a 
repetition or duplication of similar features to those here 
described, the only limitation in the resemblance being 
that, in the case of a town on the summit of a hill, the 
water supply will, most probably, be derivable only from 
lower sources by artificial power. 

In these sketches the general superficial features of the 
site are of course only referred to. Intermediate undula- 
tions which may exist will affect the determination of the 
details of any arrangement of channels designed for serving 
the drainage of the town. 

With reference to the artificial power which may be 
required for the supply of water, or the disgharge of Ihe 
drainage matters, if a tidal river can be commanded, it 
becomes a question of the highest importance whether this 
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cannot be, and, if so, in what waj, made ayailable as s 

source of the x>ower required. And another question de- 
serving the most attentive consideration is, whether the 
ebb-tide may not be rendered efficient in aiding the dis- 
charge of the sewage where the fall is inadequate to insure 
its sdf-diseharge. 

Aij a general principle in town drainage, however, it 
should be so arranged and conducted as to require no artifi- 
cial supply of water. The surface water should always be 
made sufficient to carry away all refuse matters, solid as 
well as liquid. Two reasons exist for this ; first the eco- 
nomy of the water, wliicli in inaiiy eases is a paramount, and 
in all should be a leading, consideration ; and, secondly, 
the dilution of the sewage with any unnecessary liquid 
involyes morecapadons arrangements for its diffusion, and 
in most instances an extravagantamount of power to raise it. 

The utmost economy of water for draining purposes 
can be secured only when a sufficient inclination in the 
sewers can be obtained. The methods of making a fall 
the most effectual are, thmfore, deserving of the most 
careful attention in eyery scheme for town drainage. The 
application of the tidal waters for assisting the discharge 
of the sewage can consequently be entertained only with 
reference to the principal main sewers at the lowest level, 
and with such adaption, if practicable, as will admit the 
subsequent separation of the proper sewage matters from 
the water thus intioduced to aid their progress and dis- 
charge. 

Without seeking records of the actual levels of any one 
of our river-watered towns, we may assume as a feature 
common to many of them the existence of seyeral ranges 
of eleyation, running parallel, or nearly so, to the direction 
of the river, which we will suppose to be generally east and 
west. These ranges of elevation will be interrupted at 
intervals by ancient watercourses, and also by small ridges 
running north and south. These sereral features of the 
natural sur&ce will determine the most eoonomioal courses 
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for the general system of drainage. Thus the highest of 
the ranges, which we will call a, as in the sketch, Fig. 72, 
should haye a course of sewers for the especial service of 
the districts above it; the next range (b) should have another 
course of sewers to serre the district between ▲ and b \ the 
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following range (c) should similarly be provided with its 
course of sewers to drain the district between b and and so 
on. The general inclination, east and west, of each of these 
courses of sewers would be determined by the position of 

the ridges and hollows running north and south, aa shown 
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in Figs. 72, 73, where the highest points of the several 
courses would be at r, and the lowest at h successively. 
By this arrangement, means would be obtained of collecting 
fhe sewage at each level or range of elevation, and disposing 
of it with the miniTnnni power to be expended in raising it 
for manuring purposes. 
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The next great question to be determined would be the 
most economical power that could be obtained at each ol 

these puints, h, for the purpose of raising the sewage for 
dispersion upon the land. For the lower level or range, 
the pumps could be worked by wheels driven by the tide 
of the river-water ; and, in all probability, those for the 
upper levels could be worked, at any rate partially, by 
streams of water conducted, in suitable channels, from the 
uplands. At least, while we can command the immense 
water-power of rivers, and of the accumulated surface 
drainage from the large districts above, the best means of 
making this available for our purpose deserve'all considera* 
tion, before we resort to the expensive power of steam. 
For the extended flat districts of towns which bound tidal 
rivers, the tides of the river could also be made available, 
to a great extent, in doing the work required. The com* 
pletion of the scheme would then want the details of the 
arrangements to be made suitable to the superficial fea- 
tures and relative levels of each part of the site for the 
construction, (&c., of the sewers, and the machinery to bo 
applied for raising and distributing the sewage ; and we 
shoidd finally be prepared to arrange the minor channels 
or drains so as to subserve the efficient cleansing of every 
inch of the surface, and of every individual tenement in 
the town. 
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Width and BIzeetion of Boads and Sk60U.^8a1)ttniotiurd and Sor* 

&oe. — Paying and Stmt Cteanaing. 

The drainage and cleanBmg of the roads, streets, and 
thoroughfaree of a town are acknowledged to be public 
purposes of the highest utility. The facility of effecting 

these purposes is dependent upon the several circumstances 
of the dimension and situation, and tlie sub- and super- 
structure of the thorougMares. The width of the streets is 
influential in admitting or preventing the access of air and 
winds, by which the wholesomeness of their condition is 
largely affected ; and also in rendering the process of 
cleansing by hand or other labour nasy or difficult. The 
direction of roads and streets — vertically in their relative 
leyels and inclinations, and, laterally, in their coincidence 
with or opposition to the courses of the prevalent winds — 
is a condition of great importance in affecting the facility 
and economy of the processes of drainage and cleansing. 
And the relative dampness and dryness and quantity of 
debris produced upon any public thoroughfare are mainly 
attributable to its construction in the subsoil, and superfi- 
cial formation. 

Courts and narrow passages, such as abound in most 
towns — relics of public ignorance and private cupidity, 
destined to be destroyed in the progress of enlightened 
sanitary reformation — ^limited in width and bounded by 
elevated buildings, never receive their due share of light, 
air, or water, and thus present the greatest combination of 
difficulties to the vital processes of drainage and cleansing. 
And these purposes can never be economically and em- 
inently fulfilled until a m^"**""^ of width and a n m -giT |twTn 
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of height of buildings are recognised an the elements of 
street proportion* The recorded and repeated evidence on 
this point is more than enough to establish the g( aeral 

principle, although the precision of the details requires ob- 
servations of a more exact nature than have yet been made. 
It is certain, however, that no street should be less in 
width than the height of the buildings on either side of it 
— ^that is, that the angle formed by the transverse surface 
of the street, with a line from its extremity on one side to 
the summit of the bmldinga on the other, should never 
exceed 45°. And in proportion as this angle can be reduced 
will be the facility afEorded for the desirable operatioii of 
the air and of such rain as may fall. 

Provided tliis princij^le be strictly observed, the com- 
parative declivity of the surface will become of minor 
importance. Certainly, the greater the declivity the more 
rapid and efiEective will be the action of rains in deansing 
and washing down the debris upon the surface of the 
street ; but it should be the peculiar province of the sub- 
terranean sewers constructed beueatli to compensate for 
the relative flatness of the surface, by aEording a channel 
of artificial declivity, that shall at all times free the sur- 
face from these matters as quicldj and effectually as pos- 
sible. 

Connected with the subject of road drainage as applic- 
able in the suburban parts of a town, the necessity of 
providing covered drains cannot be too rigorously enforced. 
Open road ditches are known to become receptades for 
tilth and refuse nuitters of various kinds, and the trouble 
and expense of cleansing and keeping them in repair, in- 
volving a constant making-up of the banks and clearing of 
Ihe bedsy are commonly evaded by a total neglect, whidi 
leads to a stoppage of flie channel and a constant exposure 
of decomposing matters, both offensive to the senses and 
injurious to health. These roadside ditches are frequently, 
moreover, adopted as the only available channels for dis- 
persing the sewage of the suburban building ; and being 
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thus converted into open sewers with little or no attempt 
at formation, and very little care in preserving even their 
original rude form and capadtj, the evils of retaining them 
are multiplied to a degree actually dangeroiu to the health 
of the inhal^tants and of paesengen. 

Added to the ineflB.ciency of open road drams or ditohes 
is the waste of surface which they involve. Pedestrians in 
the suburbs of towns know well that of a narrow road, 
nearly one-half the width is frequently occupied by a wide 
and aluggiah ditchy and that, in the absence of any raised 
footpath, they are frequently driven to a dangerous proxi- 
mity to its foulness in order to escape destruction by the 
heedless and perhaps drunken drivers of vehicles. If these 
ditches were corered and conrerted into actiye sewers by 
the use of pipe-tiles, of comparatiyely small and yet ample 
dimensions, space would be afforded for the formation of 
convenient footpaths on which a walk would become a 
luxury instead of being a task of danger and annoyance. 
Those who have picked their way" along the unpave- 
mented strados of Borne, and contrasted them with the 
easy security of some of the similarly narrow streets of our 
own metropolis, will readily appreciate the value of the 
change which might be thus cheaply effected in our sub- 
urban roadways. 

The quantity of surface wasted by the open road ditches, 
and the corresponding area thus exposed for the evapora- 
tion of stagnant moisture, may be readily calculated from 
the dimensions of the ditch. It may be safely assumed 
that for each mile of road, at least half an acre of surface 
is thus, on an ayerage^ misapplied. 

The position of the main sewers of a town being beneath 
and in the same direction as its streets, these afford the 
proper channels for discharging the waste water and all 
other matters from the surface of the streets. This doc- 
trine is liable to be challenged by all those practical econo- 
mists who contend that street debris is so injtirious in its 
admixture with the excrementitious^^tt^l^s^owing irom 
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a town, that it should be scnipiilonslj kept separate, and 

periodically removed by liand and horse labour above 
ground. But if we take into tbe account, on one hand, 
the Bmall proportion which the solid part of this debris 
bears to the total of solid and liquid excrements, house 
refuse, street drainage, waters, fto., which are uniyersally 
allowed to be the proper subjects of sewer discharge, and, 
on the other, form a due estimate of the inconvenience, 
expense, and disgusting annojanoe of removing this street 
refuse bj anj expedient above ground, the result of the 
calculation will lead, we think, irresistibly to the convio- 
tion that the whole of these matters should be by the 
readiest possible methods delivered into the sewers, and by 
them conveyed at once to receptacles suitable lor their col- 
lection and treatment. 

The exact proportion between the solid street refuse and 
the total of house-sewage and street-drainage (which may 
be supposed to find its way unavoidably into the sewers) 
is dificult to determine with any certainty approaching to 
exactness, but an approximate estimate may be formed from 
such materials as we can oonmiand. The exorementitious 
matters produced by each indiyidual are generally con* 
sidered to amount to an annual quantity equal to one ton 
in weight, and the other matters which are comprised in 
the total of house- sewage and street-drainage may be sup- 
posed equal to a similar quantiiy. We hare thus a total 
equal to two tons annually per head of the population. 
Now, in the township of Manchester, of which the popula- 
tion in 1841 was 164,000, the number of yards of street 
surface swept in the same year was 21,500,000, and the 
number of loads of these sweepings removed equalled 
35,029, each of which is equal to a weight el one ton. 
Assuming the proportion between the population and street- 
surface of this township to be a fair average for most towns, 
we have thus a total of house-sewage and street- drain age 
equal to 164,000 x s = 328,000 tons, being iVth of the 
former, or less than 7*7 percent. This rough caleulatioa 
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will be quite sufficient to show the small proportion ia 
which the manurial value of the sewage is liable to be 
injured by the admixture with it of the street d6bria in the 
common reoeptadeB or eewers, and the oonsequent inad- 
visability of engaging in the expensive operations of carting 
and removing this debris bj any combination of human 
and animal labour. 

Th& amount of street debris, or the quanlaty removable 
from any extent of surfaoOy is foimd to rary most mate* 
rially, according to the structure of the street or roadway. 
Thus, roads formed of broken granite or other similar ma- 
terials are rapidly destroyed by the action of wet, which 
loosens the superAoial coating of the road, and passes into 
the body of the materials ; the finer partides also become 
washed upon the surface, and act as sand in grinding 
it down, by the action of the wheels upon it. Paving 
formed with stones of irregular shapes and sizes is also 
productive of a large quantity of debris, although less than 
the impaved surfaces just referred to. Upon this inferior 
dass of paving, water acts destructively by washing up the 
soil and dirt between the stones, by which they become 
loosened, while a great proportion of these interposed ma- 
terials have to be removed as they appear upon the surface 
in the form of mud. Fitch paving f onned with squared 
blocks of granite, whin, or other stone of equal hardness 
and durability set in lime grouting- upon a substantial 
foundation of concrete 9 to 18 inches in thickness, accord- 
ing to the nature of the sub-stratum, forms the most per« 
manent construction for the carriage-ways of streets and 
thoroughfares, and afford a correspondingly small propor- 
tion of materials to be removed from the surface, in order 
to preserve its cleanliness. Wood paving yields the mini- 
mum of debris, audits economy, as a subject for the labours 
of the scavenger, at any rate, is thus very great, as com* 
pared even with the most perfect form of stone-paving. 

By making the sewers thus directly available for one 
of their proper purposes, that of receiving the waste mat- 
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ters from the streets and thoroughfares, the operation of 
street cleansing is reduced to mere sweeping of these mat- 
teis to the aide ohannelfl, wMoh should be constructed so as 
to afford a ready passage for them to the sewers beneath. 
The economy thns obtained by dispensing with the raising 
and carting to distances sometimes extended may be in- 
ferred from the fact, that the average expense of sweeping 
and carting away the refuse of i,oco square yards (in 
Manxdiester) in 1843 was 4s. 6d, This was performed by, 
the ordinary hand labonrers or sweepers. Li London, at 
the same date, the more sweeping up of the refuse from 
the surface of Eegcnt Street, and depositing it in the street 
in loads for another process of removal, was charged at the 
rate of is. 2d. per 1,000 square yards, as ezeoated by 
Whitworth's patent machine. The mere sweeping may be 
liberally estimated to cost 9d. for the same extent of sur- 
face, and thus Iths of the entire expense of street cleansing 
xuight be avoided by adopting the sewers for the purpose 
Buggested. 

Although the abandonment of all apparatos forcartingand 

removing street refuse is here advocated, it may be useful 
to describe briefly the Patent Street-Cleansing Machine,*' 
invented by Mr. Joseph Whitworth, which has been ap- 
plied to a considerable extent in Manchester and elsewhere^ 
and been considered a yery promising contrivance. This 
will be best done by quoting the inventoi^s own description 
of his machine, as rendered in evidence before the " Com- 
missioners of Inquiry into the State of Large Towns and 
Populous Districts,'' in 1843. principle of the 

invention consists in employing the rotary motion of wheels 
moved by horse or other power, to raise the loose soil from 
the sui-face of the ground, and deposit it in a vehicle at- 
tached. The apparatus for this purpose consists of a series 
of brooms suspended from a light frame of wrought iron, 
hung behind a common cart, the body of which is plaoed 
near the ground for greater facility in loading. As the 
cart-wheels revolve, the brooms successively sweep the 
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surface of the ground, and carry the soil up an incline or 
carrier-plate, at tke top ol whioh it falls into the body of 
the cart. The apparatus it extremely simple in congtmo- 
tioiiy and lias no tendency to get out of order, nor is it liable 
to material injury from accident. An indicator, attached 
to the sweeping apparatus, shows the extent of surface 
swept during the day, and acts as a useful check on the 
dxiyer. It also afPoids the opportonity of working the 
machine over a given quantity of surfeoe. The average 
rate of effectual scavengering by hand in Manchester, taken 
for a whole year, is from 1,000 to 1,500 square yards of 
surface daily for each scavenger. The manner of sweeping 
is different in London, and therefore an apparently larger 
amount of work is done, but not so effectually. When the 
machine is in operation, the horse going only 2 J miles per 
hour, it sweeps during that time 4,000 square yards; thus 
performing in a quarter of an hour nearly the day's work 
of one man. The average amount of surface which can be 
swept by a machine during the day depends upon the dis- 
tanoe of the places of deposit. In Manchester we have 
seven places of deposit, and the average number of yards 
swept daily by a maohino drawn by one horse is from 
i6>ooo to 34,000." 
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Main Sowers ; Proportions and Dimensions, IndinationB, Forms, and 
CoDBtruciion.— Upper and Lower Coxinectioii8.^M»uis of AooeM 
and Cleanaiiig.— Aoaptation for Street-di^aittiiigy fta— Cost. 

In drainage, as in many other subjeotB, oontroTerey 
has frequently been found to be ezdted upon those very 
details oi tiie art which appear to be the most simple and 

the most readily deducible from observation, while the 
proper ground for discussion, in which it is really urgently 
needed, in order to determine general principles and mark 
out leading rules, has been left nearly or quite unoooupied. 
Thus the forms, sizes, and thicknesses of sewers have re> 
ceived tho moist elaborate ir> vestij2:atiou, and provoked the 
expression of the most widely differing opinions ; while tlie 
principles of arrangement according to which the entire 
system should be laid out, and the great questions of the 
most healthful and economical disposal of the refuse of 
towns have, till lately, remained unsought and unasked. 
Misled by an instinctive adoption of the works of our 
forefathers, we have been content to build our sewers iu 
old channels, and to put patch upon patch^-add length to 
length of sluggish sewer or practical cesspool, in order to 
maintain ancient outfalls, while the subsidiary details of 
fonn and capacity have become the vexed questions and 
grounds of issue among the most practised advisers. 

Not that the attention given to the details, and the 
neglect inflicted upon the general principles are here con- 
trasted for the purpose of denying the importance of the 
former, but that, had the principles been first deterjuined, 
the details would be luund readily deducible from them in 
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a manner and with a oertitude admittiiig little dispute or 
discussion. 

We haye already^ in the first seotLon of this Diyiaioii, 
ahown the general principles upon wMoh the drainage of 
towns shoiQd be arranged with referenoe to the inclina- 
tions of surface, and the means of discharging and dis- 
posing of the sewage, ^rom these principles it immediately 
follows that the proper functioiis of sewers are twofold, and 
twofold only, fiz., the oonvejaiioe and oollection of house- 
drainage and of street-drainage. In the former are to be 
included the drainings of roofs of buildings and of yards, 
or other spaces attached to them. In these two purposes 
is thus oomprised the superficial drainage of each entire 
town. Anjattempttoaddto this the drainage of the sub- 
formation is a nustaken and a supererogatory aim. This 
position will bo denied by those who advocate tlie under- 
drainage of London as one of the purposes of its sewerage. 
Let us endeavour to understand the practical value of this 
purpose, and thenoe deduce the infinitely small amount 
that would be mis-spent in any attempt to realise it. If 
the proper functions of sewers be effectually discharged, 
viz., the conveyance away from a town of all the rain-water 
that faUs upon its surfaoe, and of all the solid and liquid 
refuse produced in streets and buildings, what will be the 
amount of submoisture which it can be necessary or de- 
sirable to abstract in the form of land^drainage ? The 
entire surface being maintained constantly dry, the only 
sources from which imder-water can arise will be springs 
or water-bearing strata beneath, and wherever these may 
show themselTes, they can be turned to good account, and 
the water they yield converted to useful purposes, without 
making expensive provision for their drainage beneath. 
Whatever relation the site of a town may have to the sur- 
rounding country, that is to say, whether the town be above 
or below the lands around, or be on a similar level, none of 
the drainage-water from these lands should be permitted to 
enter the town or to mingle with the soil beneath it. This 

S2 
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is to be effected by ooliBtraotiiig* aTonndiihe town a system 

of encircling catch-water drains, by which, so much of the 
surrounding drainage as would otherwise £nd its way into 
the subsoil of the town will be intercepted and colleoted» 
either to be retuzied by suitable ehannels to the xiTers, 
streams, and wateroourses, to be made aTailable in xrriga« 
ting adjacent districts, or diverted directly from the catch- 
water drains into the main sewers of the town itself, and 
disposed of with their oontents. With this auxiliary ar- 
rangement for presenting the access of surrounding drain- 
age to the sub-formation of the town, all necessary pro- 
vision for maintaining it in a dry and healthy condition 
will be completed, and no necessity can possibly arise for 
oonstruoting a duplicate system of sewers in order to drain 
the snbsoil of the town. With all due deference to official 
experience, we yenture to predict Aat^ if ever tried, the 

system of permeaUe land^dralns and sewers," as a sepa- 
rate addition to the system of permeable drains for house 
and soil drainage," will be found as utterly useless in 
practice as it will be expensive in construction. 

The proportions, dimensions, inclinations, forms, and 
construction of main and all other sewers, are all more or 
less effected and determinable by the general system of 
drainage adopted. We will first cull from the mass of 
recorded experience at our command (up to the year 1843) 
some detailed particulars of modes of construction (and 
their cost), many of whiidi have been found inefficient in 
fulfilling flie sett discharge of the sewage mattem of 
London and other towns in England. 

The experience in the City of London led the surveyor 
to the Conmiissioners of Sewers to consider that the form 
of a semicircular top and bottom, with straight(or vertical) 
sides, answered all the conditions of a sewer." Never- 
theless, many have been constructed of an oval form. 
The smallest size in a long street is 4 feet 6 inches by 
9 feet 6 inches. The other sixes are 5 feet by 3 feet ; but 
several are considerably larger, where much water is 
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expected to accrue from the outer districts. The outlet for 
the main sewer at South Place (Emabury) is 6 feet 6 inches 
by 4 feet 6 inches. The Eleet sewer, which drains from 
the south-west of Highgate, is z8 feet 6 inches by 12 feet 
at the mouth, and 12 feet 3 inehes by 11 feet f\ inches at 
the city boundary; and owing to the immense quantity 
of water flowing into it, this sewer has often been 
surohaiged." The Eldon Street (Finsbuxy) sewer is 

5 feet by 3 feet a inches; the London Wall sewer is 6 feet 
by 4 feet and the main trunk increases from 8 feet 3 inches 

6 feet 9 inches to 10 foet by 8 feet at its mouth. For 
courts and alleys the sizes are 3 feet by 2 feet 2 inches, 
and sometimes, according to the number of houses, 4 feet 
by 2 feet 4 inches. The sewers 4 feet 6 inehes by 2 feet 

6 inches are built in brickwork 14 inches in thickness 
throughout. Adapting- tlie size of the smaller drains so as 
to admit a man to pass through them, they should be at 
least 2 feet in width, and, to allow crawling through, 

2 feet 4 inches cxr 6 inches in height; to allow his crouch* 
ing through, 3 feet 6 inches; or to stoop through, 4 feet 
6 inches. The thickness of brickwork of these sewers 
should not be less than 9 inches, nor the depth from the 
ground less than 12 feet at the shallowest part, in order to 
provide for the drainage of a basement story about 7 feet 
6 inches in height. Assuniing 2 feet 6 inches as the 
minimum height for a eonmion sewer, and allowing 
20 inches of deposit to exist in a public sewer before it 
can rise into the common sewers, the surveyor deduced a 
yniTn'miiTTi height for public sewers of 4 feet 2 inches. 

In the Westminster Division of Sewers the level of the 
outfalls into the river varies from 10 to 15 feet below the 
level of high-water mark, and some of them have Hups. 
8ome of the main sewers have a fall of only half an inch to 
100 feet. The form of the sewers is that of a semicircular 
arch at the top, and a segmental invert with upright sides. 
The two sizes used are— first dass, 5 feet 6 inches high and 

3 feet wide; and second dass, 5 feet high and 2 fdet 
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6 indtes wide. The three centre oeorsefl of erery invert 

are built in cement, and the remainder of the work in 
, Dorking lime-mortar. The walls are brick in thick- 
neeSi and the arch and invert a half-briokB, or 9 inches. 
The ooet for a sewer 3 feet wide was, for the brickwork, 
14s. 3d. per foot; and for a sewer a feet 6 inches wide, 

128. 6d. 

The sewers throughout the Holbom and Finsbury Divi- 
sions discharge into the main sewers of the City of Londoni 
and have no outfalls of their own into the Thames. The 
Fleet sewer conveys the drainage of about 4,444 square 
acres of surfa(^e in tliose divisions, and is calculated to 
receive annually from this surface about 100,000 cube 
yards of matter held in mechanical suspension, and carried 
to the Thames by the force of such waters as flow through 
the sewer. These waters, by the experiments of Mr. Boe, 
having been found to amount to about 1 00 times tlie bulk 
of tlio matters held in suspension by them, it follows, 
that the Fleet sewer discharges from this surface about 
io,ooo»ooo of cube yards of sewage-water and suspended 
matters into the river Thames annually. The total work 
of this sewer comprises also the cj^uantity it receives from 
the surface of the city, after passing through the district 
here referred to. A sewer carried up to HoUoway, in this 
division, a length of nearly 3 miles, passes under Oanon- 
bury (Islington) at a dep^ of 68 feet from tiie surface, 
and the drainage of the houses in that part is provided for 
by a subsidiary sewer. 

8ewers constructed on the Kingston Estate, through a 
veiy soft day, are built of an oval form, the largest size 
being 3 feet 6 inches high and 3 feet 6 inches wide, the 
radius of the side curves about 3 feet ; half a brick fliick 
in cement. The extent of cutting was from 16 to 18 feet, 
and the cost x 58. per lineal foot. The fall at the rate of 
80 feet in a quarter of a mile. 

The practice in some of the provincial towns was reported 
as follows : — 
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Lancaster y Fig. 74. — Flag or slate bottom. Eubblestone 
sides, laid in common mortar. Hough stone covers. Mains 
2 feet 6 inches x i foot 4 inches, 6s. per lineal yard. 
Branch street drains, i foot 4 inches square, 4s. 6d. ditto. 
Yard drains, 6 or 7 inches square, 28. ditto. All found to 
be very inefficient. 

Nottirtgharriy Fig. 75. — Brick. Cylindrical sewers. Upper 
half built in mortar. Lower hedf laid dry. Half-brick 
thick. Diameter from 2 feet to 2 feet 6 inches. Average 
cost 7s. per lineal yard. 

Birmingham and Wahall. — 2 feet circular culverts laid 
5 feet deep. 7s. per lineal yard. 




Fig 74. — Lancast- r. Fig. 75.— Nottingham. 



Chester. — Circular brick drains from 30 to 36 inches dia- 
meter. Average cost 12s. per lineal yard. 

Bristol^ Fig. 76. — Four sizes of elliptical brick sewers : — 

ft. in. ft. in. 

ist. 4 o X 30 Internally. 
2nd. 33x26 „ 
3rd. 28x20 
4th. 20x16 ,, 
All 9 inches thick. 

Cylindrical drains, i foot 2 inches in diameter internally, 
7 inches thick. 

Rate of fall from i in 60 to i in 360. 

Frame. — Stone and lime cheap and abundant. Drains 
or "gouts,'* 18 inches square, covered with stone, to take 
any weight, exclusive of digging, 28. per lineal yard. 
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Culverts 2 feet square, dry walls, with rubbed stone arch, 
turned in good coal-ash mortar, exclusive of digging, 4s. Qd. 
per lineal yard. 

Swansea. — Oval drains, 3 feet 2 inches X 2 feet, includ- 
ing excavation, los. 6d. per lineal yard. 

Cylindrical drains, 2 feet diameter, including excavation, 
8s. per lineal yard. 

Brecon.— CjUndrical drains, 2 feet diameter, cost 8s. per 
lineal yard. 




Fig. 76.— Bristol. 



Square drains, side walls of dry masonry, with flat cover- 
ing stone, from 3 to 4 inches thick. 

Cost: — 12 inches, 28. 6d. per lineal yard. 
15 inches, 3s. 3d. „ 
18 inches, 48. od. ,, 

The egg-shaped or oviform section used in the Holbom 
and Finsbury divisions is shown in Fig. 77, and the section 
commonly used in the "Westminster division up to the year 
1843 is shown in Fig. 78. The difference in expense 
between sewers of these sections has been estimated at 
£1,660 per mile, upon the following data. Brickwork at 
20s. per cube yard. Excavation, Is. per cube yard. Fill- 
ing in, 3d. per cube yard. Carting, 28. per cube yard. 
Remaking surface, is. 6d. per superficial yard. Average 
depth of excavation, 20 feet. The quantities per mile of 
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each BGwer are shown in the following table, the size of 
the egg-shaped sewer being 5 feet 3 inches by 3 feet 




3.-6" 



1 





77- — Holbom and Finsbury. 



Fig. 78. — Westminster. 



6 inches, and that of the upright-sided sewer 5 feet 6 inches 
by 3 feet. 



Bricks consnmed 
Cube yards of brickwork 
Do. do. excayaiion 



Finsbury, or 
egg-shaped 
sewer. 

924,140 
2,272 

19.555 



WestminsteT. or 
upright-sided 
sewer. 

1,378,080 
3.388 
25,420 



Excess in Westminster Sewer, per mile. 



1,1 16 cube yards of brickwork at 208. 
5,865 excavation at is. 

5,865 „ filling in at 3<i. . 

1,116 cartinjr at 28. 

880 super yards repa rin^ at is. 6d. 

Total . 



£1,116 

293 

73 
III 12 

66 o 



o 
o 

3 

o 

o 



£1,660 3 3 



One of the Westminster sewers, built in the Harrow 
Hoad, according to the section, Fig. 78, failed, owing, as 
alleged, to some difhcnlties in the nature of the soil, and 
to imperfect workmanship. This w£is replaced by another 
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form of sewer, which is shown in Fig. 79, in which tlie 
shaded parts represent brickwork in cement, the invert and 
springers being bedded in concrete as high as the 14-inch 
work, as there shown. 

The capacity of sewers is determined by a consideration 
jointly of the quantity of sewage to be conveyed through 
them, and of the rate of inclination or fall in their verti- 
cal position. The capacity varies directly as the quantity 
and inversely as the fall, since the gre»'er the fall the 




I'^ia* 79* — Harrow Uoad. 



more rapid is the discharge. It has been usual to pre- 
scribe another limitation as to the minimum capacity of 
sewers, viz. that they shall at least, under all circum- 
stances, be large enough for a man to pass along them. 
The necessity for this allowance has arisen from the fact 
that sewers are found to require cleansing by hand — that 
it is utterly impossible to remove the accumulations which 
are liable to occur within them by any other means, and 
thus some £10,000 has been annually expended in London 
alone in an employment of a most disgusting and dangerous 
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nature. There need be no hesitation in saying that, nnder a 
thoroughly efficient and praotioable systeniy no such process 

could ever be needed, and, moreover, that if deemed desir- 
able for any possible purpose, it would apply only to the 
principal sewers, the size of which would admit of it, as 
determined upon the joint data of quantity and fall alone. 
This condition may tiieref ore be dismissed from the pro- 
blem, and it may be studied upon the two data named. 

Since the quantity of sewage due to any given extent of 
snr&ce will depend mainly upon the amount of population 
to be aenredi it follows that in an equalised system aiming 
at an uniform size for the sewers of the several classes, 
the points of collection or receiving-wells should be 
arranged at distances varying inversely as the density of 
the population. Now the maximum density of the popu- 
lation of London is estimated at 243,000 to a square mile. 
Let us suppose the draimigo of one (quarter of a square 
mile of surface, populated to this extreme degree of close- 
ness, to be conveyed in one main sewer, and endeavour to 
form a rough notion of the total quantity of sewage which 
this sewer should be fitted to convey and discharge. The 
entire bulk of sewage must consist chiefly of the house- 
sewage and rain-water from the surface — at least tlie other 
constituents are of too insignificant an amount to require 
notice in a merely approximate estimate. And similarly 
the entire house-sewage may be assumed as equal to 
the bulk of water delivered to the total population. It 
has been calculated that 20 gallons are, or ought to 
be, allowed to each individual of the population per 
diem. The annual quantity will therefore be 20 X 365 
= 73[>ooo gall<m8^ or say i,aoo cubic feet The popula- 
tion of the square quarter of a mile being ^"^^ ooo^ about 

4 

60,000, this number multiplied by 1,200 cubic feet for 
each person will produce 72,000,000 as the annual quantity 
of sewage in cubic feet arising from this population. To 
this is to be added the bulk of the rain-water, which we 
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will allow to anunmt to 24 indiesy or a feet, in depth 
annoally oyer tke surfaoe, and that this qnantity will be 

discharged into the sewer without further diminution by 
evaporation. The total quantity to be drained annually 
from the surface of a quarter of a square mile will thus 
amount to 2,646* X 2 = i3»539>200 cubic feet. Adding 
this, which we will call x^^ mnilning^ to the 73 miUions of 
house-eewage, we obtain a total of 85^ millions of cubic 
feet of sewage to be discharged per annum from the sur- 
face of a square niile of the most densely-populated part 
of the metropolis. If this annual quantity were iu a state 
of constant transition along the sewer, and with equal 
velocity throughout, and the effect of friction was for the 
moment disregarded, the proportion to bo passed per minute 
would be of course easily calculated, being 85,500,000 
divided by 525,600 (the number of minutes in a year), or 
162*66 cubic feet. Now a recorded fact will be a more 
•useful datum for our calculation here than any elaborate 
investigation of velocities, friction, &c., and we will there- 
fore refer to the experiments of Mr. Eoe, instituted for 
testing the value of the flushing system as applied to 
sewers, and which showed that the sewage passed through 
the Biver Heet sewer with an average ve^Locily of 83*47 feet 
per minute ; the run of water being spread over a smrf ace 
10 feet in width, and the stream being only 10 inches in 
depth : the passage every minute, therefore, was equal to 
692*8 cube feet of sewage, and the friction in this case 
being greater than if the same sectional area of water had 
been accumulated in a cylindrical drain of smaller dia- 
meter. The solid matters held in suspension by this water 
amounted to the proportion of i in 96 of the bulk of water, 
and consisted, as all sewage usually does, of decomposed 
animal and vegetable matter, and detritus from streets and 
roads. At this rate of transit^ it appears tiiat a sectional 
area equal to 2 square feet would suffice to pass the entire 
sewage of a thickly-populated area of a square quarter of 
a mile, supposing the passage to be constant and imiform. 
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and the fall of the sewer and friotioii of the sewage equal 

to that of the Biver Meet Viewer, on which the experiments 
were made. 

In modifying this result to provide for the difference 
between the afleomed and the real nature of the tranaity we 
will first admit that the bulk of the sewage, oonsisting of 

that flowing from the houses, is dehvered into the drains 
during perhaps half the real time, that is, during twelve 
instead of twenty -four hours. The sewers will, therefore, 
be required to discharge double the quantity estimated 
during each alternate period of twelve hours, and during 
the intervening periods of like extent to remain empty. 
We will therefore double the capacity, and allow 4 square 
feet of transverse sectional area of main sewer for the 
drainage of the given surface. 

But we haye another allowance to make : we have the 
storm-waters" to provide for, about which we have heard 
so much, because occasionally, during the rainy month of 
July, a smart shower is observed to cover a flat street, or 
form ponds on the low side of an ill-formed roadway. Let 
us estimate the allowance required for this phenomenon, 
and infer the advisability of providing for it in the sewers. 
We have seen that 24 inches in depth of rain falling upon 
our selected spot will equal a total bulk of 13^ millions 
of cubic feet We will suppose an extraordinary case, yiz. 
that some July day the whole quantity due to a month 
( 2 inches) falls in twenty minutes. Then, in order to prevent 
any flooding of the thoroughfares, this quantity, equal to 



posed of in twenly minutes. Assume that the Telocity pro- 
duced by the pressure on the water will equal 1,000 feet 

per minute. What would be the capacity of the sewer 
equal to discharge this rain-water as rapidly as it fails from 
the clouds ? The quantity accruing per minute being 



12 



= 1,125,000 cubic feet, will have to be die- 



1, 125,000 
20 



56,250 cubic feet, and the velocity equal to 
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lyooo cubic feet, tlie capacity of the sewer must he equal 

to 56 J square feet of transverHe sectional area. Now we 
have found that an area ut 4 feet will suffice ordinarily for 
the house-sewage. Is it desirable to increase the capacity 
of our sewers f ourteenfold in order to provide for an occa- 
jdonal shower ? There can be no necessity to answer the 
query ? Economy of the most liberal disposition would not 
sanction any such arraiigenirnt. If the exact area of 4 feet 
be doubled, in order to make ample provision for all ordi- 
naxy contingencies, it will satisfy every reasonable require- 
ment ; and then by suitable inlets to the sewer, the deluge 
of rain-waters will be prevented from overcharging it, and 
the effects of the shower will disappear in some hour and a 
half, and before any very serious mischief can be produced 
by the water soaking into the subsoil through well-paved 
streets and yards. 

In proportion as the population is more extended, the 
ratio of house-sewage to surface-sewage will of coarse 
(iiuiinish, and vice ver>a ; but we believe that economy and 
facility of drainage will be best promoted by limiting the 
sum cd( population and area to each receiving well, so that 
a transverse sectional area of 8 or 9 feet shall suffice for 
the main sewers. 

In the suburban districts of a town, where comparatively 
large surfaces exist in gardens, and where, therefore, the 
effect of allowing the storm- waters to gather might be 
productive of mischief by saturating the soil, the diminished 
amount of house-sewage will tend to make the operation of 
the mains more effective in relieving the surface, besides 
which, natural declivities will usually aid the fall of the 
sewers, and provision might frequently be made at little 
cost for receiving the surface-water in auziliaiy wells or 
receptacles in which it could be made available for subse- 
quent service in irrigation, witliout allowing it to burden 
the main sewers of the district. 

Having based our calculation as to the capacity of main 
sewers upon an area of the maximum density of popula- 
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timy we wiUt with the aame view of prcmding for the 
utmost necesaitiee, ooomder the question of deoliyity or fall 

as to be applied to that description of natural surface 
which presents the greatest difficulties to the operation of 
any system of sewago— a perfect or dead level. Wells or 
receptacles for the sewage being placed half a mile distant 
from one anotfaeri so that the area drained into each of 
them equals a square quarter of a mile (or each side 
2,640 feet long), half of this, or 1,320 feet, may be taken 
as the length of each ol the main drains. The longest of 
the main sewers thus measuring 1,520 feet^ the fall is to 
be computed' with reference to lliis length. We hare seen 
that metropolitan sewer-practice has recognised a fall of 
half an inch in 10 feet or i in 240, as sufficient for all the 
purposes of good drainage. At this rate the fall due to 
1,320 feet will be 5 feet. But preferring to allow double 
this fall as proportionally improving the system, by aiding 
the discharge, we should require a fall of 1 1 feet in our 
main sewers of the maximum length. And preserving 
5 feet above the head of the main, it would lie at a depth 
of 16 feet at the welL This 5 feet will usually be found 
sufBflient to allow all necessary fall in house-drains and in 
branch sewers, to serye the superficial draining of the inter- 
vening district. 

The utmost economy of the system would be attained 
by multiplying the main sewers as much as possible, as by 
this means the length of the branches may be reduced to a 
considerable extent, and the necessary depth of the mains 
also reduced correspondingly. On the other hand, by 
sparing the main sewers, they are required to be laid 
deeper, and the branches also ; or, if the depth be saved, 
it is at the expense of efficiency, and the whole system is 
instantly filled with insuperable diffictdties in vain attempts 
to reconcile the relative levels of an infinite number of 
collateral sewers, and to adjust tlie details of the arrange- 
ment to the minor variations of surface above. 

In .the depths we have assumed, as deduced from the 
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deaizaUe zate of inolinatioxi for the main aewera, allowance 
is not yet made for draining the basement storeys of the 

buildings. It must be confeRsed that this purpose involves 
the greatest difficulty in the details of the system. On the 
one handy it is evident that the oonstruotion of sewers as 
large as rivers, and at depths varying from ao to 70 feet 
below the suzfaoe, demands a most extravagant expendi- 
ture at the outset, and, after all, puts the works in posi- 
tions which are practiceilly inaccessible. Yet, on the other 
hand, we shall be reminded that the deep basements and 
kitohens must be provided for, and that our branoh sewers 
must be sunk low enough to serve even the lowest of 
these. In order to provide for these, the main sewers will 
need to be laid some 8 or 10 feet lower than the depths we 
have given, viz. 13 or 15 feet at the head, and 24 or 26 
feet deep at the w€^. Bather than permit the evils caused 
by sinking sewers at these depths, it will probably be pre* 
f erable to reduee the distanee between the wells, or even 
admit (although highly objectionable) some diminution in 
the rate of fall. We are satisfied, however, that the fullest 
investigation into this subject will establish the principle 
that no sewage matters of any kind whatever should be 
allowed to be diseharged into a sewer from any rooms or 
apartments below the surface of the ground. The diHi- 
culties which would attend any attempt to carry this prin- 
ciple into effect in London and similarly ill-oonstructed 
cities, may be too formidable to be now encountered, but 
they must be overcome before the sewerage of such towns 
can be reformed upon the most efficient plan which our 
present knowledge and experience suggest. 

The dimensions of the branch sewers are to be deter* 
mined upon the same two elements of population and 
sur&ce to be served that we have referred to in estimating 
the required capacity for the mains ; and, according to the 
varying extent and proportion of these elements, a scale of 
sizes may be determined for the several lengths, distances 
apart, &c., of the branch sewers. 
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By the Bystem of district ooUeotiona here reoommendedt 
one great difficnlty felt in planning tewere for eonoentrated 

discharge is at once obviated. In forming sewers which 
are intended at the time to serve a certain district, but 
which may hereafte r be treated as trunks, and called upon 
to discharge constant accessions of sewage from an extend- 
ing neighbourhood, no calculation can possibly be made 
as to the sufficiency or otherwise of the sectiou it is pro- 
proposed to adopt. Thus, as truly remarked by the sur- 
veyor to the City Sewers Commission, ''the sewer from 
Moorfields to Holloway appears to measure upon the map 
about three lineal miles. In process of time, and as build- 
ings increase, it may throw out branches in all directiouF, 
and the three miles may become thirty. Not only all the 
atmospheric waters which may, upon an ayerage, fall 
within the valley south-eastward of Highgate (or at least 
a large portion of them), but all the artificial supplies 
which the wants of its yet future inhabitants, as well as of 
those intermediate between Islington and Moorfields, may 
require, will have to be carried off by the City sewers.*' 
The necessary consequence of which doubtful condition is, 
either that the sewers are at first constructed in a most 
extravagant manner as to dimensions and depth, or that 
they are afterwards found to be utterly inadequate to their 
increased duty, and have to be reconstructed at greater 
depth and of enlarged capacity. Whereas, if district 
collections are adopted, each main sewer is at once pro- 
perly devised as to size, form, and construction, and con- 
tinues to peiiorm its services efficiently ; and as new 
districts axe formed, each of them is provided with another 
ajrstem of sewers adapted to its defined limits, and made 
sufficient for all the work it will be ever expected to 
perform. 

In the form of sewers two conditions have to be fulfilled, 
viz. strength, as obtained with economy of cost> and effi- 
diency of action. A hollow channel embedded in the suV 

soil is evidently liable to be pressed upon and against by 
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the weight and bulk of the surrounding solid xnaterials, 
and it therefore becomes necessary that the form of this 
channel be such as will enable it to resist effectually this 

pressure from without. We all know tliat a curved form 
of construction, in which the convex surface is opposed 
against the pressure, is stronger in this way than a plane 
sur&cey because the pressure applied to any point of the 
oonyez surface is immediately distributed to all the sur- 
rounding points on that surface, and their combined resist- 
ance is thus brought into action against the external force. 
And since the complete co*operation of all parts of the sur- 
face in resisting uniform pressure from the exterior is ob- 
tained only when all those parts have a common centre^ 
she circle is the must p erf out figure for this purpose. 

But the pressure upon all parts of a sewer is not uniform. 
The top of it will be subject to the entire weight of the 
mass above ity minus only the friction and structural tena- 
city by which that mass is prevented from moving freely 
downward from the suiTounding portions. The sides of 
the sewer are pressed against by the soil with forces 
inversely proportional to Uie tenacity of the material \ that 
is to say, the less the tenacity or power of self-support, 
the greater will be the pressure against the sewer. The 
bottom of the sewer may be regarded as free from external 
pressure, except such as is due to the resistance with which 
the soil below meets the downward pressure exerted by 
the sewer itself^ and transmitted by it from the load above* 

The greifttest pressure being thus vertically from above, 
a form of imiform strength would require to act with 
greater resistance in this direction. Hence an elliptical 
form, the longest diameter being placed vertically, would 
appear to answer the conditions better than a circle, and 
is, doubtless, the least imperfect form that can be cuiopted* 
Firactically, it has been deemed desirable to combine, as 
far as possible, a considerable capacity with the means of 
making a reduced flow active in its passage through the 
sewer \ and these requirements appear to be f ulfdled by a 
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form of aectioii that differs from an eUipae in having the 
upper ouTve of larger radius than the lower one, resem- 
bling the outline of an egg standing on ita smallw end, and 
to which, the name of egg-shapedi or oyifomii has there- 
fore been applied. 

The yalue of the ourred bottom of reduoed radius de- 
pends upon the well-known law, that the passage of fluids 
through channels is retarded by the friction between the 
water and the sui-face of the channel with which it is in 
contact. And it is an evident result of this law, that the 
greater the surface of contact the greater flie friction. 
Hence, any given bulk of water will flow the most rapidly 
in that form of channel in which this surface of contact is 
reduced to the minimum. The form necessary to fulfil this 
condition is presented at once by the well-known geo- 
metrical prindplei that the circle includes a greater area 
within its perimeter than any other figure of equal peri- 
meter. And as die necessity for aiding the flow by dimin- 
ishing the friction occurs chiefly when only a small stream 
exists within the sewer, it follows that the radius of cur- 
vature should be proportionally reduced within practical 
limits. 

The exact proportion which the radii of the upper and 
lower curves of the oviform section of sewer should bear 
to each other (adopting circular curves as preferable in 
practice to elliptical or any indefinite curves) would de- 
pend on the precise average miniTnum of water to be pro- 
vided for, calculated jointly with the density and tenacity 
of the soil, and the depth at which the sower is laid. 
As it is manifestly impossible to determine all these ele- 
ments with exactness in evolving any general rule for the 
proportions of the section, they may be disregarded, since 
the main form is established by the conditions already 
stated ; and a practical rule may be formed which will be 
found to answer all real purposes. 

In the forming of sewers, as in all works of a similar 
class, which are often necessarily intrusted, to a great 
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eztenti to the eharge of workmen, who cannot be ezpeeted 
to pay mneh attention to the xefinementB of geometrical 
principles, simplicity is evidently an object of the first 
importance. The proportions of the several curves re- 
quired in marking out the section and forming the moulds 
and gauges to be need in oonBtmcting and testing the work 
should be sooh as can be readily understood and exactly 
remembered ; and in proportion as these rules are observed 
in designing the form, will be the probability of that form 




Fig. 80.— 8tandaid Beotioii of Sewers. 

being preserved, and exactness attained in the construction 
of the sewer. 

In seeking this object, a diagram of proportions, shown 
in Fig. 80, has been worked out, which may be recom- 
mended on the score of simplicity and sufficiency, as may 
be made evident by the figure and the following descrip- 
tion. In this section, let the diameter a a, of the upper 
semicircle a d a equal i ; that of the lower arc b b will 
equal -5. The entire height of the section d f will equal 
1-5, and the radius 0 a of the side arcs a b (truly tan- 
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gential to the upper and lower arcs) will also equal i '5. 

The centres 0 0 being upon the produced diameter of the 
upper arc, that arc will equal a semicircle, and the lower 
arc B B will equal i20°> the poiats for the meeting of the 
enTFes being at b found bj drawing the radial linee, 0 b, 
through the oentre b of the lower aro. Suppose the greatest 
diameter a a he determined at 3 feet, the several dimen- 
sions will be thus : — 



And ihe ares may be taken (as a yeiy dose approzfanation 

to the truth) as equal to that of a semicirole of 3 feet dia- 
meter, added to the area of a circular segment whose 
radius is 4 feet 6 inches, and yersed sine i foot 6 inches ; 
the area thus given being in exqess only the small spaoe 
sihown in shaded lines at 

The oonstruotion of sewers is Taried according to their 
size, and should be also considered with reference to the 
economy with which different materials may be obtained 
according to the locality of the district^ and also the nature 
of the soil in which the work is oonstraoted. For the 
smaller sewers the glazed stone-ware " pipes are found 
efficient substitutes for those built up of hriLkwork. They 
have the advantages of being much more quickly laid than 
the others can be built, and of presenting a very superior 
surfaoe for the rapid passageof the sewage. They are also 
eonstruoted in various forms of bends and junction pieces, 
and thus afford the means of insuring proper form in these 
points. From their comparative thinness, pipes of this 
kind afford a much larger capacity with a given quantity 
of exeavation for laying themi than seweis formed of brick- 
work, whioh, even for the smallest diameter, cannot be less 
than half a brick^ or 4.^ inches in thickness. In laying 
them care must, of course, be taken with the joints, which 
are formed by a socket on one end of each length of pipe 



Ft. In. 



Diameter of upper aiO 

Do. of lower arc , 
Height of section . 
Badius of gida arcs , 
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in which the plain end of the adjoining length is received. 
The prioes at which these pipes maybe procured in London 

are as follows :~ 



Sirtnght Jipet with Socket Joint$, 

Inches 
bure. 



Pzioeper 
lineal foot. 



In 3 feet lengths 
»• 



99 

t$ 
tf 



99 
99 
99 
99 
9* 
99 



a 

3 
4 

6 

12 

i8 



d. 

4 

I 

8 

I 10 

3 o 

4 o 



s. 

o 
o 
o 

Q 
I 



Diameter of 
bore. 


Beads Meh. 


Juncti(ms 

each. 


Dcuble juno- 
tioss each. 


Inohes. 
2 

3 

t 

9 
IZ 


6. d. 

I 0 

I 3 
1 9 

a 3 
3 6 
5 6 


6. d. 

I 0 

» 3 
I 6 

Z 0 

3 6 

5 6 


8. A. 

: 1 

3 0 
2 8 

4 t> 
7 0 



Egg-shaped pipes are also prepared of the saiue material 
in 2 feet leu^ths with socket-joints, at the following 
prices :— ^ 



6iS8 inside. 

ft. in. ft. in> 
I 8 X I o 

13X09 

09x06 



Price per 
Unealfooi 

B. d. 

3 6 
2 3 
I I 



In Chester the following prices have been paid» including 
excavation of the maximuTn depth of zs feet 



Inches. 

42 X 32 

42X3; 
36 X 28 

33 X 2S 
30 X 22 
24 X 18 

20 X 15 
15 X IZ 



s. 

It 

«5 

9 
8 
•» 

6 

5 
4 



o per lineal yard, ordinar.? earth, 

Z »i rook. 

6 t9 orditiary earth. 

^ II 99 99 

9 I* 99 99 

b 

9 »» H 



I* 

f • 



99 
99 

If 



f ( 



>» 
II 
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The 0fcone*ware pipes may be manufaefcured with ample 

strength for all purposes required in their appiitutiuu as 
minor sewers. Somo experiments, made with specimen 
pipes of £xe-olay at Glasgow, proved tlieir power to resist 
a pressure equal to that of a perpendicular column of water 
900 feet in height, being three times the pressure to which 
it is found necessary to prove iron pipes used for the trans- 
mission of water. Drain pipes of common clay are sup- 
plied in Glasgow at the fojiowing prices 



B. 0. 

3 in, diamcfter • • • o 6 per Imeal Tiid, 

0 9 

10 

1 3 
a o 



6 

9 n 
18 



Pipes of fire-clay at Glasgow, cost— 

t. d, 

4 in. diameter . • • 10 per lineal yard. 
6 . ,f ... I 6 „ 

12 tt •••23 »» 

Supplied in large quantities, it is presumed that all of 
these prices for tubular sewers would admit of considerable 

reduction. The following estimates for works, as ordered 
by the Metropolitan Commission of Sewers, in the months 
of April and May, 1 849, contain some useful figures as to 
the cost of works of this dass : — 

Ouanlitiw. Looftiitiat. ^^!^ 

£ a. d. 

To be put down an open sewer in 



m^m M -mi*^ i put dowD un opcn sewer in 
S45 »• M I» »• PP« { Southampton Street, Nine Elms, 
sewer . . . ( Swney 



39 o 



400 ft. of 9 In. and ) To be put down in St. Mark*s Road, 

500 ft. of 12 in. . / Kennington . • . , 131 5 O 
485 ft. ot\iain. • To be put down in James Street, 

Kennington . . . . 78 16 3 
400 ft. of 9 in. and i To be put down on the south side oi 
415 ft. of la in. ./ Kennington Common . . . 117 18 9 
700 ft. of 4 in. . To be put down on the norUi aide of 

Kennington Common . . 15 o O 

483 ft. of sewer, 3 ft. 1 To be put down in the Wyndham 
6m.by sft. jin.) Boad» CamberweU • • • 157 o o 
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^ cost. 

£ s. d. 

95 ft. of i8 in. pipe \ To be put down in Qreat Guildford 

sewer . . . j Street, Borough . « • . 28 lo o 

135 ft. of 15 in. 26 o o 

605 It of 9 in. . In an open ditch . . . 78 10 o 
800 II* of hall-bviok tewer, 3 ft. 6 in. by 2 ft. 3 in. and 

158 ft. of 12 in. pipe lewer 300 o o 

340 ft. of 9 in. 15 o O 

Prom these estimates the average costs of supplying^ 
and laying the pipe sewers of sereral sises appear to be as 
follow:— > 

d. 

4 • • • • • o 5*i4perfoot. 

9 in 13 M 

12 in 33 „ 

»5 3 iO >• 

i8m. • • « • • 6 o I, 

And of ine egg-shaped sewer, half a brick thick, and 
measuriiig 3 feet 6 inches by a feet 3 inches, 6s. lo^d. per 
foot. 

Ill commonly good soils brick sewers may be constructed 
of a single half brick, or 4} inches in thickness, of curved 
lonn, of considerable sise. In the Einsbuiy division, half « 
brick egg-shaped sewers have been constmcted, 4 feet 

6 inches by 2 feet 9 inches, and are found sufficient. Sewera 
of these dimensions would be ample for the mains of pro- 
perly limited and defined districts. If the soil be of a 
loose and uncertain character, it will be iiecessaiy to build 
tiiem 9 inches in thickness, or two half-brick rings. In the 
small curve of the invert all brick-built sewers should be 
very carefully constructed, the unavoidable interstices be- 
tween the bricks (if of the common square form) being 
filled in with pieces of slate or tile, and the whole floated 
in with cement to make it as one solid mass. If this be not; 
honestly done and carefully superintended, the action of 
the declivity will be nullified by irregularities in the 
interior surface of the waterway, and a liability created to 
the formation of bars by the settlement of the solid portu 
of the sewage. Egg-shaped sewers 3 feet 6 inches by 
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2 feet 6 inches, in an average ezoayation of 15 feet, have 
been ezeonted at a cost of abont 148. per lineal foot in the 
neighbourhood of London. These sewers were bnilt half 

a brick in thickness and in cement throughout, and the 
cost included excavation and refilling the soil. 

Egg-shaped sewers formed according to the rule given, 
built half a biiok in thickness and with inverts in cement, 
in an average excavation of to feet, may be estimated to 
cost per lineal foot as follow :— 



In forming the connections of sewers with each other, 
viz. those of the honse drains with the branch drains or 
sewers, and of these with the mains, through the several 
classes of sizes which it may be necessary to adopt, two 
rules should be in all cases imperatively insisted upon : 
£r8t, that all junctions shall be formed with curves, and of 
as large radii as possible in the direction of the cuxxent ; 
and secondly, tiiat wherever a minor drain discharges into 
a larger one, the bed of the former shall be kept as much 
as possible above that of the latter as the relative sizes of 
the two sewers will admit. 

The importance of the first of these rules has been long 
recognised and admits of proof, both theoretical and prac* 
tical. It is found that in a sewer of 2 feet 6 inches in 
width, a stream of water, flowing with a velocity equal to 
250 feet per minute, meets a resistance in suffering a 
change of direction, the amount of which depends upon the 
directness with which that change is made ; the resistance 
occasioned being three times as great by a right angle as by 
a ciirve of 20 feet radius, and double that produced by a 
curve of 5 feet radius. The resistance thus diminishes as 
the radius of curvature of the junction is increased. The 
effect of junctions in whioh considerable resistance is op« 



ft. in. ft. in. 



B. d. 



Class I 



40X28 
36X24 
3 o X a o 
26x18 
20x14 



10 o per lineal foot. 



„ 2 

» 3 

»f 4 

» 5 




L 
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posed to the passage of tlie sewage is, that the solid par- 
ticles become deposited, and, being left by the flowing 
water, they accumulate until a bar is formed, which still 
farther impedea theprogress-of iheaewage^ and erentaally 
arreetB it altogether. 

Tlie practical value of keeping the mouths of minor 
sewers above the level of the bed of the mains into which 
they discharge, arises from the prevention by this means of 
a return of the sewage up ibe minor drains, supposing a 
defident deoliyity or any untoward oiroumstanoe should 
produce a retrograde movement within the main. The 
connection should also be formed in the most perfect man- 
ner, so that the mingling of the currents shall not have 
the effect of impeding either of them. The mouth of the 
minor drain should be spread into a bell form, and the 
whole stufaoe of {he junction made solid and eyen with 
good cement. 

The upper connections of the minor sewers, viz. with 
the bouse droins, are small works, requiring the greatest 
care and circumspection. They are frequently disregarded 
and carelessly executed, because they appear indiyidually 
trivial matters ; and, moreover, are troublesome and tedious, 
and correspondingly expensive. But it is clear that the 
eficiency of the entire arrangement of any system of town 
drainage is primarily dependent upon tiie completeness 
with which die individual drains of houses convey the 
separate contributions of sewage into the minor or branch 
drains. If these tributaries fail, the trunk of course remains 
idle, and all care bestowed on the larger works is thrown 
away. Supposing the house-drains to be formed with day 
or stone-ware pipes, and the receiying branch sewer to be 
of the same material, lengths of the latter should be intro- 
duced at intervals, having sockets into which the ends of 
the house-drains may be fitted. If the branch sewer be of 
brickwork, the jimction of the house-drains should be 
carefully made good with a ring of cement, and the work 
nicely finished on the interior surf^. It wiU of course be 
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neeeflsazy to lay these House drains and braneh sewers at 

the same time (if the latter are of brickwork and not large 
enough to admit a workman), in order to complete this 
work in the best mauuer. And as this is not always con- 
venient^ the stone-ware pipes offer the great advantage of 
jointing without any hand work innde the branch, by 
simply laying the branch sewers with sufficient socket out- 
let lengths at intervals, which may be communicated with 
by house-drains at any future time, the sockets being 
temporarily plugged up with wood« 

The lower ends of the main sewers will oooununicate with 
the receiving wells, and should be well lipped downwards 
to promote the ready discharge of the sewage the moment 
it arrives at the mouth. These being principal w orks, and 
few in nimiberi are more likely to be well attended to and 
carefully executed than the multiplied minor connections. 
The wcQlSy adapted in capacity to the quantity of sewage 
they are intended to contain, will require substantial and 
sound work. Being in towns necessarily sunk to some 
depth in the ground, the cylinder will be the best form in 
wbich to construct them. Behind and around the brick- 
work a backing of concrete should be filled in, the excava- 
tion being made sufliciently large for this purpose, and ilie 
whole interior surface should be lined with cement or 
asphalte. If this be done it will not be necessary to build 
the work in cemeni^ although this would, perhaps, be a 
wise additional precaution. P^^oper economy in this matter 
will be best arrived at by experiments, upon which an 
adequate sum of money would be well expended before 
extensive operations are commenced. 

Means of access to the main sewers are best afforded by 
side entrances, such as those which have been introduced 
in the Holbom and Finsbury division for the purposes of 
inspection and flushing. Although, if the entire system 
were properly constructed, no necessity could occur for 
artificaal cleansing, it will be desirable to provide means of 
getting .at the interior of flie main sewens at intervals, and 

L 2 
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the side entranoes referred to are well adapted for this pur- 
pose. The side entrance consists of a vertical square or 
rectangiilar aperture, formed in brickwork, and coyered by 
a hinged iron oover, fitted in the foot-pavement of the 
street. This aperture is carried down to a leyel of about 
a feet aboye the bed of the main sewer, and terminates in 
a short passage or tunnel, which opens into the side of the 
sewer. The vertical entrance is provided with hand-irons, 
built into the waU, by which ascent and descent are ren- 
dered easy. 

We have already insisted on the necessity of so arranging 

and constructing the sewers of a town that they shall not 
require any cleansing by hand, and have denied the condi- 
tion of admitting workmen as an essential one in determin- 
ing the size of sewers. A sewer cannot be considered as 
properly constructed if it retain the matters committed to 
it in a quiescent condition. It should act simply as a place 
of passage, and instantly transfer the sewage onward to- 
wards the receiving well. Failing in this purpose, and 
containing all the solid matters in a constantly-growing 
accumulation, the sewers of a town act as combined cess- 
pools, and the several gulley -holes serve as the outlets for 
the escape into the atmosphere of some of the deadly gases 
constanUy engendering below. The expense of cleansing 
by hand is, moreover, an item of considerable importance, 
although, of course, never incurred until the subterranean 
nuisance becomes intolerable. In the Holbom and Fins- 
bury division, the cost of removing the soil from the sewers 
provided with man-holes has been about 7s. per cubic yard, 
and from those without, iis. per cubic yard, including the 
expense of breaking the arch and making it good again. 

The method of cleansing the sewers in which matter 
accumulates, by flushing water through them, was prac- 
tised to a great extent in the Holbom and Finsbury divi- 
sion of sewers. The principle of this method consists 
simply in retaining the sewage water for a period of time 
by flushing gates iitted in the sewer, and periodically 
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admitting the accumulated water to pass by opening the 
gates, and thus producing an artificial rush suiEcient to 
oaxiy all aoonmulations before it. The xelative economy of 
the piocefla^ as praettsed in tkeHolbom andEmsbuiydiTi- 
mon, and as oompazed with the hand deansing, was stated 
as follows : — 

Washing away 6,688 cubic yards of deposit by 
board-dams (a process always performed 
preparatory to £juiig and using the Hushing £ s. d. 

ttppan^fcos) 644 12 7 

Futtmg iaaide eatranoes and fludiiDg g«tes . 1,293 0 o 

£1,937 " 7 

The cost of removing these 6,688 cubic yards by hand 
would have amoimted to 29387. The prelimmary deans- 
ing and providing flushing apparatus were, therefore, 
effected at a saving of ^^449 7b* 5d« The cuzrent e^q^nses 

of the two methods are thus stated :— 

£ 8. d. 

Annual cost of cleaDaiug 16 miles of sewers by 

hand 326 17 O 

Annual cost of cleansing 16 miles of sewers by 
woxking flushing gates . .10600 

Aimual saving by flushiiig method £220 17 o 

The cost of this method, as subsequently practised under 
the new Metropolitan Commission of Sewers, has been re- 
ported as beixig about one-third that of cleansing by hand ; 
thus 22,400 feet of sewers, in which the deposit varied 

from 6 inches to 3 feet 6 inches (in depth) were cleansed, 
and 3,386 double loads washed away at an expense of 
£500, which process, under the old systemi would have 
cost £1,500. 

The method of flushing is attended vrith one, and that a 

very serious, evil consequence, and the mischief of which 
is the greater in proportion to the force and velocity, and 
corresponding efficiency of the process. This is, the violent 
driving forward of the foul gases with which the otherwise 
vacant portion of a sewer holding stagnant refuse is 



Digiii<iL,a oy Google 



2 22 DRAINAGE OF TOWNS AND BUILDINGS. 

usually filled. The iiusliing of the higher part of an 
extended line of sewer is thus frequently productive of a 
rising of these gases into the house-drains connected with 
the lower portion of the sewer, and any imperfectioii in the 
trapping of these admits the most noisome efflnyia into the 
houses, while the streets are always poisoned with the 
gases thus driven up through the gratings and gully-holes. 
Sometimes, indeed, the flushing water is forced into the 
house-drains, and, of eourse, occasions a total suspension 
of the flow of the sewage in the rererse direction. Accord- 
ingly, we find that the process of flushing has been dis- 
continued during the warm season, the very time when 
it is most needed as an artificial means of cleansing the 
sewers. 

For the efficient cleansing of fhe streets and thorough- 
fares of a town two provisions are requisite, viz. an 

abundant supply of water for occasional application, when 
the self-supply of rain is susj^ended, and a complete 
aniangement of sewers through which to discharge all the 
surface-water when its purpose of cleansing has been ful- 
filled. For the supply of water, the system of constant 
supply affords the greatest facilities, giving an instant 
command of the required quantity. 

It has been ascertained in London, that one ton of water 
is sufficient to lay the dust over a surface of 600 square 
yards of gravel or macadamized roads, or of 400 square 
yards of granite-pared streets. The ayerage number of 
days per annum in which it is found, from twenty years' 
experience, to be necessaiy to apply water for this purpose, 
is about I20. The common charge for this work is at the 
rate of f d. per square yard for the season, the water being 
applied only once per diem, or £50 per mile of a main 
road. The common assessment per house for watering 
roads twice a day is £1 for the season. The cost of doing 
the same work by means of jets, supplied from the main 
• water-pipes, is estimated at 5s. per house. At Nottingham^ 
where the constant service of water is rendered, a charge 
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ckf 7s. 6d. per annum is ]na4le for a aixigle rtreet plug* by 
which Bome of the proprietors of shops commaiid a ready 

supply at all times for watering the street in front of their 
own premises, and often of the adjoining houses also. 

The scouring eEect of jets of water thrown upon the 
siixfaoe of the streets is far greater than when merely 
dropped or thrown from the perforated pipe of a water- 
cart. A single jet, supplied with a force equal to throw 
the water vertically upward to a height of 50 feet, will, 
directed at an angle of 45"", command an area of about 
3,000 sqnare yardsy and this surface will be really cleansed 
by flie piooesBy whereas the mere distribution of the wateri 
without proBS u re, wets without deansing. The mud which 
is formed on the surface of the streets, during certain states 
of the weather, is well known to have an unctuous cha- 
racter, which resists all deansing action less vigorous than 
that ol jets of water under pressure. 

The position of the main sewers beneath the streets of a 
town affords ready means of directly discharging the waste 
waters from their surface. The adaptation of the sewers 
for this purpose requires inlets, at intervals, fitted with iron 
gratings, by which large substances are prevented from 
pfMWiwg into the sewers. These inlets and gratings being 
situated at the sides of the carriage-way, while the sewer 
is beneath the middle of it, they communicate by means of 
transverse drains or passages, which should be formed with 
sufficient declivity to prevent any accimiulation of surface- 
water tut road-sweepings beneath the gratings. The nar- 
rower the interstices between the bars of the gratings are 
the better. Very small spaces will suffice to admit the 
water with great rapidity, and also the mud which is formed 
upon the surface of the streets, and the narrow spaces are 
useful in preventing the admission of these matters during 
heavy diowers with aforoe which might endanger the safely 
of the sewers. 
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SECTION IV. 

Clasdfication of Buildings. — Constant Servicd.^Fitti]ig8. 

The principal classes of buildings, as subjects for water- 
supply and drainage, are — i, dwellings ; 2, manufactories ; 
and 3, public buildings. Each of these admits of seyeral 
subdivisionBy which should be briefly enumerated, in order 
to indicate the extent to which the j are recipients of pure 
water and contributon of refuse matters to the sum total of 
town sewage. 

Dwellings are to be sub-dassified according to the 
superficial area which they occupy, and the ayerage number 
of residents whom they accommodate, and the arrangements 
to be provided for the joint purposes of supplying wat^ 
and discharging sewago are required to be pro^^ortional to 
these two data combined. Upon the extent of area the 
quantity of rain-water will depend, and this has to be 
entered in the account in two ways : flrst^ as affording an 
integral portion of the supply, and secondly, as contribut- 
ing to the sum of the sewage. The principal datum will 
be the number of persons for whom water is required in 
each dwelling, and each of whom will yield an average 
share of the refuse to be removed. The calculations of 
water companies are usually based upon Uie rental paid 
for each house as an index to the consumption of water 
within it, and in this way they recognise an almost infinite 
number of classes. It is clear, however, that the mere 
rental furnishes no exact criterion of the number of 
occupants of a house. Nor would the number of rooms in 
a dwelling show iliis with much more accunu^. On the 
contrary, it is well known that houses of small rental and 
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comparatively few apartments are frequently receptacles 
of a greater number of human beings than the more costly 
and oapaoious habitations of the wealthy dasses. Nerer- 
iheless, it is a fact that, with the present habits of the 
poorer sections of the population, the rental is generally in 
approximate proportion to the quantity of water consumed 
— a fact to be accounted for oidy upon the recognised and 
deplorable principle that poverty and undeanliness are 
muiual exponents and oompanions in the social condition 
of ciyilised beings. 

The average daily quantity of water supply for each in- 
habitant of a town, has been taken at 20 gallons, and this 
quantity is supposed to be suffloient to allow also for an 
ordinary proportion of mannfactoring operations, for the 
supply of public buildings, and for the extinction of fires. 
This estimate is founded uj^on the experience had in several 
towns in which the supply is considered adequate. Reserv- 
ing the details of the appropriation of this quantity for the 
next section, we now refer to this general estimate as the 
datum upon which the proper supply of water to dwelling- 
houses should be provided, and as being at least approxi- 
mately correct, if the service be constant, and proper 
inducements be ofEered to all classes to cultivate habits of 
ftlftA-nliTiflflg. We would, therefore, subdivide the first dass 
of buildings or dwellings according to the average number 
of occupants of each, and provide the means of water- 
supply and sewerage accordingly. 

The second class of buildings, or manufactories, includ- 
ing all consumers beyond households, admits of a sub- 
division according to the operations carried on. Chemical 
works, including those for dyeing, calico-printing, &c., 
rank high as consumers of water. Factories for the making 
of paper, distilleries, breweries, bakehouses, malting-rooms, 
slaughter-houses, stables, &o., also consume large quantities. 
Steam-engines are among the wholesale consumers. 

Public buildings requiring constant service are to be 
divided according to the number of residents or persons to 

l3 
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be supplied. Thus, union workhouses, prisons, lunatio 
■ asylums, &c., are to be provided at the minimum rate of 
3o gaUons per diem for each occupant. Baths and wash- 
houses reqture quantittes ia propordon to the mazimuni 
number of bathers and washers. Ohurohes, theatres, and 
other places of public congregation are to be supplied for 
cleansing purposes according to the cubic contents of each 
building. In the baths it may be estimated that a bulk of 
. water measuring 6 feet in length by if feet in widths and 
I foot in depth will suffice for the ablution of each person. 
This quantity of water will equal 9 cubic feet, or about 
54 gallons. 

The necessity for constant service^ great as it is in all 
buildings^ is still more imperative in supplying those of 
which the demand is of a rariable character. Li certain 
seasons, when the occasion for repeated bathing of persons 
and cleansing of apartments is greatest, these duties require 
a much lai^er quantity of water than will sufiGlce at other 
periods, and this demand of course increases in the same 
ratio with tlie number of persons and apartments to be 
supplied. Thus workhouses, prisons, and all puhHo asylums 
vary considerably from time to time in the quantity of 
water required, and all methods of supply, short of constant 
service, and all provision for storage, fail in one way or 
another in securing the constant and unlimited command 
of fresh and pure water. Thus house-tanks, dsterns, and 
reservoirs, however capacious and well designed, serve to 
receive only limited quantities ; and, if these be ample for 
all purposes, it follows that if the consumption be lessened 
the greater quantity of water will remain in a stagnant 
condition, to be added to but not replaced by the next 
delivery from the main. The lower body of water in the 
cistern will thus remain slightly changed, and stirred up 
only, and in this way a lower bed of impure water, sur- 
charged and rendered heavy with deposited matters, 
gradually accumulates, suffering a slow diminution by the 
proportion of impurity which it imparts to each portion 
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drawn off for immecliate tuse. Fore or freih water is by 

this arrangement put altogether out of the question. 

In large public asylums, properly constructed, arrange- 
ments would be made lor supplying a bath at least onoe 
a we^ lor every inmate. For tiiie purpose an inedtation 
having 1,000 residents wonld require weekly 54,000 gaU 
Ions, or about 6,000 cubic feet of water. And if the sup- 
ply be derived by a daily delivery, and the bathing bo 
divided equally over six days in the week, a tank to hold 
the quantity lor bathing only must have a oapadly equal 
to 1,000 oubio feety or of the minimum dimensions of 
20 feet in length by 10 feet in width, and 5 feet in depth. 
The other purposes of cleansing would require (allowing 
90 gallons per diem for each individual) 66,000 gallons 
weekly, or 11,000 gallons daily, and a tank to be daily 
emptied and refilled of the oaxmciiy of about 3,000 feet, or 
measuring, say, 20 feet in width and length, and 5 feet in 
depth. For contingencies provision should be made for 
about half this quantity in addition, and thus the entire 
oapadtj of the tanks should e^ual 4,000 cubic feet, or 
dimensions of 80 feet in length by 10 feet in width, and 5 feet 
in depth. And if the consumption one day be reduced one- 
fourth, and the tanks be not emptied before the fresh 
delivery — which it is practically impossible to effect — this 
quantity ol stale water will remain in the lower part ol the 
tanks, and each day's reduced consumption wiD tend to 
increase the impurity of the water, unless duplicate tanks 
be provided, and a large amount of water be wasted in 
their periodical cleansing. 

In cases where the ccmstant service of water cannot be 
obtained, and it consequently becomes necessary to pro- 
vide cisterns for buildings, they should be so constructed 
and furnished as to combine tlio operation of filtering with 
the purpose of storing the water. For this purpose the 
best lonn of cistern will be that ol which the bed inclines 
downwards, so that the discharge pipe may be inserted at 
the lowest point, and the water always drawn from that part 
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of the cisteni. The material used being oommoiily date^ 
the bottom may still be formed in a single skb for house 
cisterns (so as to avoid extra joints), declining in both 
directions. The filtering media, consisting of beds of sand 
and gravel of different degrees of fineness, will be arranged 
in horizontal layers, excepting the lower one, which will 
lie in flie bottom of the eistem, and be dressed to a level 
on its upper surface. The liead of the discharge pipe 
should be protected with a fine wire-gauze cap, to prevent 
the gravel washing into the pipe. Below this pipe another 
dstem for the filtered water should be provided of propor- 
tionate capacity, and if the process be too tedious to admit 
of the filtration of all the water used, that for inferior pur- 
poses may be drawn from a pipe entering the cistern just 
above the filtering beds. 

The superior quality of rain-water in respect to its soft* 
ness, as compared with water from all other sources, 
renders it exceedingly desirable, in an economical view, 
that all the supply derivable from this source should bo 
carefully collected and preserved. In towns this water is 
commonly wasted, or at least allowed to subserve only the 
inferior purpose of assisting the flow of the drainage. Yet 
the quantity which might, by efficient arrangements, be 
commanded of this superior water is by no means insigni- 
fictmt. The roof of a house of the average dimensions of 
20 feet square, presenting a plane surface of 400 square 
feet, receives at least 800 cubic feet of rain water annually, 
or about 4,800 gallons. If well-constructed and capacious 
gutters are provided, this quantity may be collected with 
little loss from evaporation, and will form a reserve stock 
for such special household purposes as it is peculiarly 
adapted for. This quantity should be immediately received 
in a filtering tan^ and the best available method be adopted 
of purifying it from the carbonaceous matters with which 
it becomes saturated in passing through a smoky atmo- 
sphere and flowing over roof-surfaces covered with a deposit 
of similar impurity. An economical and well-devised 
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appaxatuB for effectiiig this puzpose, and applicable to 
pziyate and puUio buildings of all dasses, is a desideratum 
yet wanting in the economical supply of water. 

All valves and other apparatus for regulating the ad- 
mission and use oi water in buildings are required to be 
constraoted in the simplest and most efficient and durable 
manner. CWplicated contrivances are utterly inadmissible 
to be intrusted to Ibe ordinary carelessness and inattention 
with which these things are treated in separate households. 
Apparatus of costly construction will never receive the 
sanction of landlords, nor will temporary tenants incur the 
charge of expensiTe repairs, or devote regular attention to 
keep ball-cocks and similar appendages in working order. 
And in proportion as the rental of houses is less, these 
difficulties are increased. Landlords become more par- 
simoniouSy and tenants less interested and more neglectful. 
Jn this point of view the advantages of constant and high 
aervice are rendered more conspicuous than in its applica- 
tion to tenements of a superior class in which a higher 
rental enables the landlord to be liberal in the construction 
and appliances of the building, and the tenant shares his 
disposition to preserve their proper action in order to secure 
his own comfort and convenience. 

If the rain-water be not collected for household cleans- 
ing purposes, it should at least be made efficient as pos- 
sible for scouring the house-drains. 
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Varieties of Ifsnufactures and best available Methods of Diatning. — 

Arrangement of Separate and Collective Drains. — Proportion of 
Area of Drain to Cubic Contents of Dwelling Houses. — Fall of 
Drains. — Mode of Construction. — Connectioa with Mala or Col- 
lateral Sewers. — ^Meaus of Access, &c., &c. 

Ihb flereral openttioiis carried on witfain a building 

devoted to manufacturing purposes should afford the data 
upon which to determine the extent of drainage required, 
but ike most ready way oi estimating tbe amount of refuse 
waters produced will be reached by assuming this to equal 
the supply of water rendered to the building. The appli- 
cation of the same rule to domestio buildings or dwellings 
admits of a more exact calculation as to the capacity of 
drains required, but these must all alike be governed by 
the principle, that ample capacity for immediate discharge 
is to be sought, with due xef^ud to the fact thatall passages 
for the conveyance of liquid or semi-liquid matters are 
efficient in proportion to the narrowness of the surface over 
which these matters are required to flow. This is one of 
the most important results which recent inquiries have 
established. Sewers and drains were formerly devised 
with the single object of making them large enough, by 
which it was suppcmd that their full efficiency was secored. 
But sluggishness of action is now recognised as the certain 
consequence of excess of surface equally as of deficiency of 
declination. A small stream of liquid matter extended 
over a wide surface, and reduced in depth in proportion to 
this width, suffers retardation from this drcumstance as 
irell as from a want of declivity in the current. Hence, a 
drain which is disproportionately large in comparison to 
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the amouzit of drainage, bocomes an inoperative apparatus^ 
by reason of its undue dimensions; while^ if the same 
amount of drainage is concentrated within a more limited 

channel, a greater rapidity is produced, and every addition 
to the contents of tlie drain aids, by the full force of its 
gravity, in propelling the entire quantity forward to the 
point of discharge. 

There are four conditions which are to be regarded as 
indispensable in the construction of all drains from all 
buildings whatsoever. These conditions are : — First, that 
the entire length of drain is to be constructed and main- 
tained with suf&cient declivity towards the discharge into 
the sewer to enable the average proportion and quantity of 
liquid and solid xnatters committed to it to maintain a con* 
stant and uninterrupted motion, so that stagnation shall 
never occur ; second, that the entire length of drain is to be 
constructed and maintained in a condition of oomplete imper- 
meabilityy so that no portion of the matters put into it shall 
accidentally escape from it ; third, that ^e head of the 
drain shall be so efficiently trapped that no gaseous or 
volatile properties or products can possibly arise from its 
contents; and fourth, that the lower extremity of the 
drain, or the point of its communication widi the sewer, 
shall be so properly, completely, and durably formed, that 
no interruption to the flow of the drainage or escape 
shall there take place, and that no facility shall be ofPered 
for the upward progress of the sewage in case the sewer 
becomes surcharged, and thus tends to produce such an 
effect. 

These conditions appear simple in their stateijient, and 
they may be regarded as self-evident necessities, yet 
an acquaintance with the details of house-drainage as 
comm^y regulated revesJs the fact that they l^ive been 
generally neglected, and that, at tiie best, t^e atten- 
tion they have received has been most unwisely crippled 
by considerations of cheapness in first cost at the expense 
of permanent economy and usefulness. Thus we know 



Digitized by 



232 DRAINAGE OF TOf^NS AND BUILDINGS. 



that house-drains are frequently laid with yery imperfect 

fall, not sufficient indeed to propel the matters sent into 
them except with the aid of gushes of drainage- water ; 
that they are often composed of defective and carelessly 
built brickwork with wide joints of sandy mortar; that 
the head of the drain is commonly untrapped ; and that 
the entire formation is badly designed and defectively 
executed. We will endeavour to show the arrangements 
by which the efficient action of the separate drains of 
houses and other buildings is most likely to be secured. 

The utmost practicable dedivity being obtained in the 
direction of the drain, the efficiency of its action will be 
further much controlled by the construction adopted and 
the kind of surface presented to the sewage. Any rough- 
ness or irregularity in this surface will of course impede 
the passage of the sewage, and hence arises the necessity 
for the greatest care in the construction, whateyer the 
material and kind of foi-mation. The first stej) in the 
arrangement is, to collect the whole of the drainage to one 
point — the head of the intended draining apparatus, and 
the determination of this point requires a due consideration 
of its relation to the other extremity of the drain at which 
the discliarge inlo tlio sewer is to take place. In buildings 
of great extent this will sometimes involve a good deal 
ol arrangement, and it will, perhaps, become desirable 
to diyide the entire drainage into two or more points of 
deliyeiy, and conduct it in so many separate drains to the 
receiving sewer. The length of each drain being thus re- 
duced to a manageable extent, the necessary fall will be more 
readily commanded, and the efficiency of the system secured. 

The cost of constructing these minor works, and also the 
main sewers with which they are connected, is so enor- 
mously aggrayated by the depth to which they are fre- 
(juently laid in order to accommodate the basements of 
buildings, that, for the sake of economy, basement-drainage 
should either be altogether abandoned or so modified that 
efficiency shall neyer be sacrificed in a yain attempt to 
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TeooncQe the depth of the basement with the positioii of the 

sewer. In arranging tho drainage of buildings, tlierefore, 
the head of the drains should be kept at the minunum 
depth which will suffice to sink the coastruction beneath 
the suifaoe. We have already expressed a oonyictLon, that 
in a thoroughly perfect and economical system of town 
drainage this must be recognised as a leading principle, 
and under this conviction we could not be satisfied to admit 
the difficulty now experienced to be one which should en- 
cumber our proceedings so as to involve comparative ineffi* 
ciency in action and extravagant costliness in construction 
and repairs. 

Although it is not within our province in this place to 
discuss the governmental measures which would be required 
to authorise and direct such an adjustment of the details of 
private drainage as would be necessary to insure their 
conformity with the principle here advocated, we may be 
permitted to observe that tliis direction was, to a consider- 
able extent, assumed and exercised by the old Commission 
of Sewers, who always declared their authority in prescribe 
ing the manner in which private drains should alone be 
allowed to communicate with the sewers under their juris- 
diction. These prescriptions determined the rate of de- 
clivity, the relative levels, and the dimensions of the drains, 
and were enforced by the Oommissioners' execution (by 
their contractors) of that portion of the work which joined 
with the sewers. The regulations enforced in the Oity of 
London (and which, from its independence of the new 
consolidated commission, are, it is supposed, still enforced) 
are based upon the following calculation, the stated prin- 
ciple being that ''A house cannot be called effectually 
drained unless the water is taken away from the floor of its 
lowest story." • 

♦ It should "be bome in mind that this principle becomes impractic- 
able if the lowest story of any house snould, at the free will and 
option of its owner, have another "lower deep " excavated below it, a 
practice which has been indulged in in the formation of some of the 
leviathan warehouses in the City. 
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ft. in. 

Take the least height which a basement story ought 

70 

Thickness of a timher flooring on sleepers . . .09 
Covering of the drain, say brack flat • • . .02^ 
Height of drain inside . . . .09 

Current of drain inside the premises, say, i inch to 10 

feet for a house 50 feet deep O 5 

Cmnnt ontaide the house, i.e. in the itreet • •03 
Height of croai-dtam aboTe the bottom of mun-dxaiiiy 

atleaft • • • 06 



9 loj 

** This would give (9 feet i o\ inches, or) i o feet, at the 
leasti depth from the surface of the street to the bottom of 
a maiiL drain (of 18 inches diameter), and this may be 
fairly assumed as the least depth at which a priyate house 
of the most ordinary description can be effectually drained ; 
but this considers it only as for the drainage of one 
house. 

''When a series of houses, situate in a publie way, 
inhabited by some who will use, and some who will not 
use, a drain fairly, is to be dzainedi the question has to be 

looked at differently. 

ft* in* 

'*For a retail shop, in which the basement story is 

often used as a warehouse, it cannot be unreasonable 
to say that the story ahall not be less in height than 8 6 



Flooring , . . . . . . . .09 

Covering of drain 02} 

Height of drain • • I 3 

Current inside • • •O5 

Current outside . . . . • • • O 3 



Height aboYO bottom of common sewer • • . t 6 

12 10^ 

** As it may be said that a story of less height might do 
as a wareroom, and, in order to keep the calculation as low 
as it fairly can be kept, I would assume that the bottom of 
a common sewer ought not in any part to be less than 
I a feet beneath the surface of the street." 

We have thus quoted these calculations at length, in 
order that we may be enabled to refer to the details 
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The common oeoupation of the basement storiee of houses 

as Mtclieiis and water-closets has made it appear desirable 
to depress the drains and sewers, in order to receive the 
refuse matter below the level of these basements ; but as 
this object involyes one or both of the evils ve have 
pointed out, viz. deficient declivity and ccmsequent stagna- 
tion in the drains, and a general system of sewers sunk so 
deeply in the ground that incomparable expense and diffi- 
culty are created in construction, access, and repairs, the 
pnxpose of basement-drainage should be abandoned, and 
practicable methods sought of delivering the entixe drain- 
age immediately beneath the surface of the ground. If, 
indeed, no practicable methods could be devised of doing 
this so as to render basement draining unnecessary, it 
must of course be admitted as part of the purpose of house- 
drainage^ in order to avoid the sacrifice of the healthiness 
of human habitations, which we all readily admit as the 
final object of tlie art of draining towns and buildings. 

The selection of the methods to be adopted for this 
purpose will be dependent mainly upon the internal ar- 
rangements of the building and the occupation of its lower 
apartments. In the first place, water-dosets must in all 
cases be constructed above ground, or, at any rate, so 
nearly above, that the discharge shall take place within a 
foot or so of the surface. However valuable the ground* 
floor space of any premises may be, sufficient zoom may 
and always should be reserved for this purpose, as this 
level is the most desirable for the situation of these accom- 
modations. If placed higher, they cannot be so readily 
aided with the sewage water produced in the domestic 
offices, unless these occupy a similarly elevated position ; 
and besides this ob j ection, is that of having an unnecessary 
length or extent of drains above the ground. The most 
desirable arrangement, therefore, is that which collects the 
entire drainage at or near the ground level, and there at 
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onoe and mimediatelj deliyers it into the subterrajieaii 
channels. If, however, it is in any case nnaroidable that 

tlie kitchen and similar domestic offices are situated in tlio 
basement of the building, it will bo still equally imperative 
that all the sewage water shall be delivered into the draiu 
at or near the ground leyeL No sink or other apparatus 
for discharging refuse water should be retained in the 
basement, and the extra labour of carrying this water up 
to the surface level, or head of the drainage, must be in- 
curred as the penalty of this misconstructioa or misappro- 
priation of the building. 

These arrangementSi although involving expense in the 
alteration of some of the existing buildings in towns, are 
not to be magnified into impracticabilities. As essential 
parts of a general system condudye to the health of the 
entire population, they should be commanded and enforced 
by adequate public authority^ and carried into immediate 
effect without f ayour or evasion. And in the construction 
of new buildings, they should be regarded as imperative 
general orders, sanctioned by the public well-being, and, 
if necessary, to be obeyed under ofiicial superintendence. 
The truth of principles and advantage of modes of action, 
established by experiment, should command their adoption 
without opposition, from the prevailing squeamish reluct- 
ance to interfere with private arrangements, "which, be it 
remembered, are, if misdirected, really in these matters 
public nuisances. 

The keeping of the basement itself of a building dry by 
draining is not, we submit, to be acknowledged as a proper 
purpose of a correct general system. Sufficient and sound 
construction are alone needed to maintain basement stories 
of any depth in a perfectly dry condition, if all sewage and 
rain-waters are, as they diould be^ collected and discharged 
into the sewers before they reach the basement. The 
draining of the smrounding subsoil to the entire depth of 
the foundation of a building is a want which cannot arise, 
if the entire structure up to the ground level is waterproof, 
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wlucih we contend it ahould be ; the means of e£Peoting this 

by the materials now at our command being of economical 
and certain application. 

Discarding brickwork and all similar constructions of 
small parts, as unsuitable lor obtaining the impetmeability 
and smoothness of internal surface which are especially 
required in small drains, the current in which is often 
reduced to a very small quantity of liquid or semi-solid 
matter, we are led to seek some tubes or pipes which shall 
require only annular joining at distant points and thus 
admit of the regularity of surface which is so necessaiy to 
assist the passage of the drainage. The stoneware is 
now offered as a superior material for this purpose, ad- 
mitting of much greater economy than iron, and being 
entirely free from the chance of corrosion and permea* 
bilily. By glaziug the interior surface, moreover, iubes 
of ^lis ware are made peculiarly suitable for adoption in 
forming drains ; and carefully made socket joints laid in the 
direction of tho current are cheaply executed, if moulded 
conically and luted with a little cement of best quality. 

The size of the drain-pipes has to be graduated accord- 
ing to tilie quantily to be passed through fhem, limited in 
the TniTiiTmiTn extreme so as to avoid stoppage from the ex* 
cessive bulk of the sewage matters, and in the maximum 
extreme so as to obtain all the rapidity of progress of which 
a small stream of water is capable, retarded by the friction 
of the surface over which it passes. For moderate-sized 
houses, say of eight rooms, and holding some five or six 
persons on an average, a tube of 5 inches in diameter will 
suffice? for the house-drain. The area of the drain may be 
proportional to the cubic contents of the house, but if so, 
in diminishing ratio. That is, if a s-inch pipe will be large 
enough for an ayerago-sized house, a pipe of double the 
area of such a pipe will not be required for a house of 
double the cubic contents, or holding double the average 
number of persons. A 6-inch pipe, laid with sufiicient fall, 
will be ample for the most capacious private house* And 
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from 9 to 1 5 inches will, under a similar condition, be snffi- 
deat to serve the average drainage of factories and other 
large coDBumers of water. 
The trapping of the head of the drain, so as to prevent 

the ascent of smell and impure gas from the drain into 
the building, is the next indispensable requirement in the 
draining apparatus. 60 many contriyances have been 
applied for this purpose, that we will not attempt to make 
a seleotion ; and it is beyond our limits to give any general 
list or detailed description of them. Simplicity of con- 
struction and permanence of action are, of course, required, 
with the least original outlay at which these qualities can 
be obtained. If only one wator-doset is to be provided 
f or, it will be desirable to gather the discharge from it and 
from the house^sink, &o., into one trap at the head of the 
drain. If two or more closets are to be served, so many 
separate traps will sometimes become indispensable. But 
for evezy separate inlet to the drain, which is equally an 
outlet for smell and gas, an efficient trapping apparatus of 
some kind is required. 

The lower connection of tbo house-drain with the public 
sewer is the last point of importance to which we have to 
allude. A perfect construction of this poiiion of the work 
has always been reoognised as an essential feature of good 
drainage. The level of tiie bed of the drain must be kept 
as high as possible above that of the receiving sewer. If 
the sewer be also constructed of the glazed stoneware 
piping, lengths of it may be introduced at convenient 
intervals, having outlet sockets for receiving the ends of 
the house-drains, and those being slightly tapered or oonical 
in form can be readily jointed. 
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Wateivclosets : Amngement and ConstnictioiL — Adaptation to 

various circumstances. — Com"bincd Arrangements for Efficient 
House I>raiiiag8. — ^Miacellaneous Appaiata« and ContriYances. 

The best position for a water-closet in any building is that 
in wbioh all the waste water shall be made the best use of 
in sooiuing the contents directly through the pan of the 
doset) and propelling them forward tiurough the private 
drain into the common sewer. And since the matters dis- 
charged into the doset will be, if the house-drain is re- 
served for its proper uses, more solid and less readily con- 
T^ed than the other sewage mattersi it will, moreoTer, be 
desirable to place the closet ais near as possible to the point 
at which the drain discharges into the sewer. The velocity 
and force of the liquid sewage are increased at the lower or 
sewer end of the drain, and its efiect is thus augmented in 
scouring away the contributions of the closet But if this 
preferable position cannot be commanded for the doset, it 
must, at any rate, be so situated with regard to the head of 
the drain and the inlet for the liquid sewage, that these 
shall be behind or above it. When the doset and the 
house-sink are near to each other, the water hom the latter 
may be conducted directly into the trap or basin of tiie 
closet, and thus secure at once a rapid discharge of its 
contents and a constant supply of liquid to preserve its 
action and efidency. 

The rudest form of domestic accommodation or open 
privy over a cesspool is a contrivance which deserves notice 
only on account of its several impextectionsi and which 
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will, it may be hoped, be soon reckoned among the obso- 
lete mistakes of onr forefathers. These cesspools are 
Bometimes mere pits or holes excavated in the ground, and 
the contents of oouzse rapidly permeate the surroanding 
eon, by which prooesa pita of this kind frequently are 
found to drain themselves, the perviousness of the material 
permitting the escape of the sewage, so that little accumu- 
lation takes place within the pit itself until the whole 
neighbourhood becomes fully saturated with the drainagei 
which will then ooze through and appear upon the Barfaoe, 
or find its way through some defeofiye foundation, and 
poison the basement of an adjoining building. Constructed 
cesspools formed with brickwork of substantial quality will 
prevent this saturation in proportion as their walls are care- 
fully and imperviously bidlt. The matters daily diecharged 
into these depositories accumulate, and their decomposition 
is constantly proceeding and engendering gases of the most 
noisome and pestilential kind. The open privy formed 
over a pit of this description affords an outlet for the escape 
of these gases, which are thus regularly supplied to the 
building above or adjacent to the closet. If a Ixap or water 
basin and pan be applied to this privy, so that the pan dips 
into the trap, the escape of effluvia may be prevented so 
long as the trap is kept supplied with water. The supply 
of water for this purpose will, however, considerably 
augment the bulk of the sewage, and necessitate deansiug 
much more frequently than otherwise, unless some defect 
in the joints of the work afford a passage for the liquid 
matters in the surrounding strata, or a communication be 
a£torded with a drain. In this latter case of combination 
of a cesspool with a drain, a waste pipe may be laid from 
the former into the latter, so that the contents of the cess* 
pool shall always be maintained at the same quantity and 
depth ; the trap may then be dispensed with by attaching 
a vertical pipe to the lower part of the pan, so that this 
pipe shall dip into the sewage, and being thus constantly 
kept below its sur&oe, no gas can pass upward through the 
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pipe. The 006t of the pan or basin and pipe required for 
this oontriyance, if ol stoneware, will not exceed 138. in 
addition to that of a oommon privy, and its advantages in 

preventing the escape of effiavia are obvious. The simplest 
and cheapest form of trap and basin is that in which they 
are formed in one or two pieces of the stoneware, and 
may be pnrohaaed at about 78. 6d. together. Allowing 
5 s. 6d. for the fixing, and also providing and fixing a short 
length of pipe of the same material to connect with the 
trap so as to dip into the sewage, this complete trapped 
apparatus may, at a cost of 138., be added to a common 
privy over a eesspooli so as to prevent to a great extent the 
escape of effluvia into the house or adjacent building. 

The great importance, however, of avoiding all sources 
of unwholesome and offensive effluvia, and of preserving 
the foundations of the buildings and the substrata of the 
soil of a toim in a dry and dean condition^ ereates a severe 
necessity for relinquishing cesspools, and all receptacles for 
sewage within or connected with all buildings and places 
whatsoever, except those to which it is conducted for the 
purposes of collection and treatment. The sole purpose of 
all house apparatus of water^dosets, sinksy and drains, and 
of all pubUo constructions of brandi or tributary sewers 
and main sewers, should be that of affording a passage 
for the conveyance of the refuse waters and other matters 
produced in a town. This conveyance should be imme- 
diate, every partide committed to the entire ramification 
of passages being preserved in ceasdess motion until it 
arrives at the final collecting place. 

Discarding cesspools upon these grounds, we are at the 
same time led to the principle which should govern the 
whole of the details of house-draining apparatus, which 
should be so arranged and combined as to afford the fewest 
possible inlets for effluvia from the matters committed to 
the drains, and to make the total of the liquid refuse useful 
in advancing the current within the drains. The position 

of the water-closet being determined, it becomes desirably 

M 
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to select the most economical and efficient construction for 
it, and for the apparatus connected with it. 

We have already stated that the head of the drain, 
and ereiy inlet to it, reqnizes to be fitted with a trap to 
prevent the escape of effluvia, and this will equally form 
an indispensable part of the closet apparatus. The per- 
fect action of the trap will demand a means of supplying 
water on each use of the closet, and although all possible 
advantage ahould be taken of the houee-eewage water in 
promoting tiie action of the drains, a eeparate and constantly- 
commanded source should be provided for this purpose. 
If the supply of water to the house or building be rendered 
upon the constant-service system, a mere tap wiU be suffi* 
cient to afford the means of discharging a volume of water 
through the trap of the doeet If the water be suppUed 
upon the intermittent system, a cistern or reservoir of some 
kind, provided for the house supply, must be made to com- 
municate with the pan of the closet by a pipe with a valve 
and apparatus for working it For general use it is ei^e* 
dally desirable that economy and simplicity be combined 
in the whole of the apparatus of the closet. Delicacy of 
adjustment, requiring a complicated arrangement of parts, 
and a corresponding costliness of construction and repairs, 
and carefulness in management^ is inadmissible in a design 
adapted for general adoption; and combinations of levers 
and cranks, liable to accidental derangement and injury by 
roughness of treatment, are therefore to be avoided as much 
as possible. The position of the cistern in relation to the 
closet wiU affect, in some degree, the force and efficiency of 
the volume of water discharged on each occasion ; and, if 
the supply of water to the building be constant, tiie service- 
pipe should be so conducted over the closet that the tap 
can be conveniently placed for admitting the required q[uan« 
tity to the pan. If the supply is obtained from a house* 
cistern, this must, of course, be placed above the pan, and 
at such elevation that the water may acquire a sufficient 
impetus to flow with rapidity. 
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The glazed stoneware basins or pans, with qrphon- 
traps combined, before referred to, are tiie most eoono- 

mical and effective for general purposes. These are made 
in several forms, viz. with the pan and trap in one piece, 
and adapted to communicate either with a Yertical or a hori- 
zontal drain; withaseparate trap, haying a screwed socket 
on the head in which the lower part of the pan is re- 
ceived, being formed with a collar and screwed end ; or, as 
a somewhat more complicated arrangement, consisting of a 
trap with a flanged head and a separate dip pipe having a 
projecting £ange about its mid-length, and a spreading 
mouth above, into which the lower part of the pan is fitted 
with cement. The dip pipe, extending downwards into the 
trap, below the level at which its contents flow out, is secured 
to the head of the trap bjr bolts passing through the holes 
in the flanges. The reason for making the pan separate 
from the dip pipe would appear to arise from a diffioully in 
forming them together with the wide projecting flange so as 
to give sufficient steadiness to the pan above. This latter 
form was designed especially for prison use, under circum- 
stances which do not allow of any fixed seat or framing 
above to which to secure the pan. The previous forms are 
found to answer all purposes in cases where this kind of 
support is afforded, and are preferable for their fewer num- 
ber of parts. The pan in each of these forms of construc- 
tion is provided with an aperture and an inlet at the upper 
part, having a socket to receive the water-pipe. They are 
retailed at the price of 7s. 6d. eadi, and recommended by 
the present authorities in drainage matters. * 

The combined arrangements for e£Q.cient house-drainage 
coooprise, besides the means of adequate water supply, as 
already explained, the water-closets, house-sinks, and drains 
in which the matters committed to the closets and sinks 
are conveyed and delivered into the public sewers. And 
if the rain-water falling on the roof of the building and on 
the yard or space attached to the house, is not applied tp 
any other purpose, it will have to be conducted into the 

m2 
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drain to be discharged with the sewage. These waters 
being the purest of the contents, should be received as 
near as possible to the head of the drain, and made to 
travene its entire length, and thus exert all the deanaing 
action of which they are capable. The house-sink or place 
at which the ordinary waste water of the household is dis- 
csharged should oommimicate with the drain at a subse- 
quent part of its oourse, and the closet be so placed that its 
contents shall trayerse aminimiun portion of the drain, 
thus reiiudng the liability to the escape of effluvia, and 
deriving the greatest scouring force from the accumulation 
of the rain and house waters. The drain being formed as 
a complete and impervious channel receiTing the entire 
sewage and waste waters of the premises^ made easy of 
access and examination, and provided with traps at every 
o^^ening or inlet for receiving the di-ainage, may be gradu- 
ated in size from the one extremity to the other, and, if of 
considerable length, it may be provided at intervals with 
self-acting valves or traps to prevent the possible retnm of 
any matters, waters, or gases from the lower towards the 
upper end. 

Self-acting valves or traps are constructed of the stone- 
ware, and the valves being hung at a slight inclination^ 
and well fitted with a rim on the meeting surlaoe^ they 
remain closed against any retrograde movement of the 

sewage or gases, but are readily opened by a slight force 
of water in the outward direction of the drain. Sink traps 
are also formed of this material, with perforated heads or 
covers, and syphon bends below, which, remaining filled 
with the drainage water, prevent the escape of any effluvia 
from the drain into which they give acoesa. 
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ADDITIONAL SECTIONS ON DRAINAGE 

OF TOWNS. 

By B. CLABK, M.Imst.C.K 

I. — Disposal op Sewage, Systems, General PjuiiciPLEs. 

Disposal of Sewage. — Sysfcoms.— €toneral Principles. — Steep Qiadieiits. 

—Sewer Ventilation. — Gullies.— Flushing. — Tank Seweis.— Dts* 
posal of BainfaU.— Typioal Eiamples of Town Drainage. 

How to dispose of the sewage of towns is a question that 
has not yet recelTed its final solutioii. The various systems 
that have been tried or adopted may be classed generally 

as follows : — 1. Treatment witli clioinicals. 2. Application 
of sewage to land, including irrigation and intermittent 
downward filtration. 3. The dry-earth system. 4. The 
Liemur or pneumatic (^stem. 5« Seaboard and river out- 
&lls. 

The first system seeks, by the admixture of chemicals, 
to precipitate the dissolved and suspended matter of the 
sewage, and render it available as manure. The lime 
process is amongst the earliest of the chemical methods of 
treatment in England. It was adopted forty years ago at 
Leicester, but has since been abandoned. It was adopted 
at Birmingham, where the ef^uent is discharged into the 
Bea or the Tame, or is disposed of by irrigation. Five 
hundred tons of sludge is produced daily, and is for the 
most part dug into diying-beds covering a larg^ acreage, 
which is being continually extended. The resulf of the 
process, as a sanitary measure, is a failure. Other systems 
of chemical treatment have been tried, and they do not 
appear to have resulted successfully. 

(Hven a seaboard town, the prop^ destinatLon of the 
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sewage it tilie sea. Sewage murt for Hie prese&t be re- 
garded, as Sir Joseph Bazalgette well puts it, as an enemy 
to be got rid of, and not as a friend to be courted and 
turned to account. No doubt sewage is an article irom 
which one would expect a retnm ; but^ for Tarions reasons, 
it is exceedingly difficult to turn it to profitable account. 
There is ' * the water difficulty." Whilst it is of the 
greatest advantage to towns to have an ample water 
supply to carry off the sewage, that ample supply forms 
one of the great difficulties in dealing with it at its ontfall. 
There is *'the land difficulty." In the neighbourhood of 
hirge towns land can only be obtained at a great cost. 
These two di£icuities, added to the necessity for purifying, 
stand in the way of what otherwise might be a most suc- 
cessful mode, not only of purifying sewage, but also of 
applying it to profitable account, namely, by means of 
irrigation. 

The object in view is to remove the sewage from the 
town in such a way as not to be offensive to sight or to 
smell, and to improve the health of the people, on the 
principle," to quote Sir Joseph Bazalgette again, "of 
diverting the cause of mischief to a locality where it can 
do no mischief." Towns situated on the sea-coast, or within 
the tidal range of rivers, should avail themselves of the 
means of outfall thus presented, as affording the most 
economical and efficient means of dealing with their 
sewage ; laying intercepting sewers, acting, as far as 
possible, by gravitation, and care being taken in the selec- 
tion of outfalls. Towns lying on the sea-shore, where there 
is sufficient fall, have simply to cany out their sewers 
below low-water line, as was formeriy done at Brighton. 
But without sufficient faU there is a liability to stagnation 
and deposition of silt. On steep gradients, on the contrary, 
ventilation must be specially provided for, to prevent the 
ascent of sewer-gases to the higher localities. In fact, as 
a principle of universal application, a system of sewers 
over an entire town should not be laid down withoul^ in 
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the first instance, providing as part of Ae aeheme, for the 

fullest and freest ventilation, at aU parts of the town, 
generally most necessary at the upper and higher levels. 
Sewage-gases are lighter than atmospheric air, and i&ow 
upwards^ while the sewage itself flows downwardsi and as 
the yelodty of discharge of sewage-water downwards is in 
proportion to the gradient of the sewer, the flow of sewage- 
gases upwards is also in proportion to the gradient. There- 
fore a town that has naturally steep gradients requires 
the fullest means of Tontilation ; and so far from its being 
easy to sewer such a town, if proper means are not taken 
to provide for ventilation, the engineer may leave the town 
worse than he found it. Sir Bobert Rawlinson states that, 
within his own knowledge, disease has broken out in well- 
sewered districts, which was traced to a connection of house- 
drains with nnyentilated sewers ; and in such eases the 
highest portions of the towns suffered the most severely. 
When the gradient, he says, is steeper than i in 200, and a 
sewer is, say, one mile in length, it should be divided by steps 
or falls, and there should be a flap-Talve upon the upper or 
higher disdiarging end of the sewer, with at least two yenti- 
lating grates at that place, to insure thorough ventilation. 
The system of ventilation he has adopted, in conformity 
with these views, is shown in JB'ig. Si. The manhole-shaft 
is closed with a manhole-coyer, by remoying which access 
may be had. to the shaft when desired. The sewer gas is 
compelled to rise through two or more charcoal screens or 
filters before passing into the ventilating chamber. By a 
slide at the bottom of the chamber deposit can be remoyed. 
A modification of this system is shown in Fig. 82. Sir 
Bobert comments on the difference in the death-rates 
of towns haying steep gradients and towns having flat 
gradients. Some of the former had high death-rates, and 
some of the latter had low death-rates. Portsmouth, which 
is comparatiyely flat^ with its bamuto, constantly appears in 
the Begistrar-Oeneral's returns as haying one of the lowest 
death-ratss« Here the sewage is discharged with great 
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Fig. 81.— Ventilation of Sowers. Sir liobert Bawlinson's System. 

velocity into the eea. Hull, also^ with its flat site and un« 
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ventilaied sewers, frequently stands vexy low. Liverpooly 
many yeara ago, when the sewers were not ventilated, had 

a death-rate notoriously high. But after they were venti- 
lated, under Mr. Deacon's management, the death-rate 
from those zymotic diseases which are generally beheved 
to be directly inflnenoed by sanitary improyements, showed 
a marked reduction. The years 1870 to 1874, indusive, 
were those immediately preceding improvements made in 




W\g, 82. — Vbntdation of Sewers, by Sir Hobert Rawlinson. 

the sewers, including their ventilation, and compared with 
the succeeding years, showed a diminution of the zymotic 
death-rate of 46 per cent. Comparing Liverpool, a hilly 
town, with. Manchester, a flat town, it appears tkat, for the 
decade 1870 — 80, the death-rates were identical. 

The peculiar liability of hilly towns to the inroads of 
sewer-gas by ascension, points to the necessity of dividing 
the sewers into ssones, breaking the steep gradients at 
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▼ariovs oontour-lineSy sioppmg the gas at suoh places, and 
not pennitfcing it to rise to the upper gradients. Sir 
Bobert Bawlinson instances the case of Leeds, where, 

several years ago, there had been a large death-rate in 
the higher and better districts. He held an inquiry, and 
returns were produced showing the money expended year 
by year upon the sewers. The death-rate returns for the 
same years were also produced ; and he pointed out that 
in proportion as money had been expended in sewering 
Leeds, the death-rate had been raised, especially in the 
higher class of houses in the suburbs. There was not a 
eingle Tontilator on the sewers. 13l6 main outlet was a 
sewer about 6 feet or 7 feet high, and 4 feet or 5 feet wide, 
running parallel with the river for more than a mile, and 
having its mouth wide open for air to blow into it. As 
the main drains, unfortunately, were connected directly 
with the sewers, there was nothing to cut off the flow of 
sewer-gas into the houses that had been drained. Hence 
the high death-rate in the town. Such a difficulty is one 
that can be readily overcome, and there are great advan- 
tages in having sewers with good falls and steep gra- 
dients. 

In the case of an intercepting sewer laid at Aberdeen, 

it is found that, during the period when the tidal valve is 
closed and the sewer has no outlet^ the noxious gases 
generated in the main culvert find their way up thoTarious 
drains and subsidiary sewers into the higher part of the 
town. An attempt had been made, partially successful, to 
remedy the evil by placing metal valves on the outlets of 
sewers entering the main culvert. These open when a 
Bhght quantity of sewage coIlGcts behind th^m, but gener- 
ally thqr are dosed. At Brighton, situated similarly to 
Aberdeen, sludge is deposited, and sewer-gas is constfluntly 
given off. 

Sewer-ventilation is affected by change of weather, of 
wind, or of temperature. But the most active agent in 
driving out foul air, and repladng it with fresh air is» 
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peorhapB, the Tariatioii in the flow at the sewage itaelf. 
When a sewer is flushed foul air is discharged at the yen- 

tilators, and, as the water subsides, fresh air is drawn 
into the sewer. The expulsion of sewer gas, though ob- 
jectionable, particularly in narrow streets, is safer for the 
public heallii than if the gases should find their way 
insidiously into dwellings. Ventilating pipes, carried 
above chimneys and windows, should be adopted in 
narrow streets and thoroughfares instead of ordinary 
manholes. 

In the construction of g^ullies certain principles should 
be observed. They should be made so as to prevent road- 
detritus from entering the sewers, and to arrest the escape 
of noxious effluvia, while at the same time they should 
provide for the admission of a downward current of air, to 
aid in the ventilation of the sewer* With untrapped and 
Imperfect gullies this 
downward current ex- 
ists; but they also 
permit the foul air to 
escape through the 
same channel. The 
gullies in Preston, 
Fig« 83, are an in- 
stance of this, as unless 
there is . a sufficient 
quantity of water in 
the reservoir there can 
be no trap, for, when 
the water is evaporated 




Pig. Sj.^Golly-tiap, Preston. 



below the level of the syphon-dip, the gully is no longer 

trapped, and the sewer is in direct communication with 
the upper air. The same state of things exists in Derby 
and Leicester. 

There are engineers who argue by their practice that no 
special yentilation is required with well-constructed sewers. 

For instance, in the sewerage of Dundee, a hilly area, no 
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▼entilatioD whatorer has beea prcmded* It is argued that 

there cannot be any generation of gasee from putrid 
matter in the drains, as all putrefiable matters are carried 
rapidly through the drains to the river, and then to the 
Bea. It is not denied that gases do to some extent exist in 
the severs; but the gases, it is said, are lyot present in 
such Tolume as to oreroome the ordinary traps, and they 
are, it is maintained, carried off by the flood waters. Tlie 
only deposit habitually left in any oi tjie sewers or drains 
is sand. ThiS| on being taken up, does not emit per- 
oeptible odour, and when dosely examined has all the 
appearance of ordinary river sand. "It is only when 
sewers are badly constructed," says Mr. Fulton, who 
designed the sewerage of Dundee, " as regards their form 
and water-run, that putrid matters are retained in them to 
poison the surrounding atmosphere and to bring disgrace 
upon the very name of drainage. No sewer under ro fee^ 
in vertical dimension ought to have an invert of greater 
than 9 inches radius, and a 6-inch radius is quite large 
enough for the radius of the invert of any ordinary sewer. 
When the sewage is confined to such a small compass as 
this, its seouring power is very great, and if means can be 
taken to have the invert-blocks laid iu a straight line, with 
such fall as may be available, it will be found that, 
although the fall be slight, little silting will take place, 
and that it will consist of sand only. No ventilation, 
therefore, is requisite with well-constructed sewers. It is 
only when the scouring effect of the sewage is lost, by con- 
structing sewers with flat bottoms, that such is needed." 

The health of a district depends, in the iirst place, of 
course, upon the proper arrangement of the sewers ; but it 
also depends upon their proper ventilation, and on the 
effectual cutting off of house-drains from all direct com- 
munication with the sewers. 

When sewers are constructed with falls insufiBicient to 
keep tihem self-deansing, flushing is resorted to. £luab* 
ing by means of flushing-gates or by storing up the sewage 
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18 imsaiiBfactory in its results. Wat^ so basked op canses 

a deposit behind it, and when it is let go it simply causes 
a flush for a short distance. 

flushing is effected under more favourable conditions 
when road-detritus is not carried into the flushing sewer. 
The self-oleansing power of the sewer is better, ^at the 
sewers should also be made water-tight is always essential 
for effective flushing, for with the escape of the sewage 
into the surrounding soil the effect of the operation is much 
reduced. The injury done to property by undermining 
consequent upon leaky sewers, is great in proportion as it 
is hidden and unknown. Damp walls, rotten joists, and 
unwholesome emanations are no doubt frequently attri- 
butable to this cause. 

Tide-locked sewers have a strong tendency to silt up. 
They are usually made of the same sectional area as would 
have been adopted if they liad uot been tide-locked ; and 
silting takes place until the sectional area is reduced to 
the extent necessary to gorge the sewer, create an artificial 
head, and thus to increase the velocily at low-water to the 
scouring point. It is true that during heavy rainfall this 
silting tends to cause flooding by backwater. But if, 
argues Mr. G. F. Deacon, the sectional area had been, in 
theflrst instance, made but little greater than the sectional 
area of tha silted sewer, the silting would never have 
taken place, and the reduced sewer would have discharged 
more water tiian the original silted sewer. He has applied 
these considerations in practice. He reduced the tide- 
locked portion of a large outfall sewer to between one-half 
and one-third of its full section, with the result that 
silting was entirely obviated and that greater discharging 
power was obtained. 

A contrast between the operations of a constant dis- 
charge and an intermittent discharge is given by Mr. John 
Grant in the case of the Metropolitan Main Drainage at 
Barking Greek on the north side, and at Grossness on tiie 
south side of the river Thames. Both of the outfall sewers. 
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vhioli are afterwards described, haye been laid with a 
fall of 3 feet per mile, ^e three eiilverte forming the 

outfall sewer from Abbey Mills to Barking were built on a 
high level, and they have at all times a clear discharge 
into the reservoir at the outfall. With regard to the sewer 
at OrossnesSy it is exceedingly dif^eult to keep the lower 
length of three miles of it dear. As soon as it is cleansed 
it begins to get foul again, because the outflow is periodi- 
cally choked ; the sewage flows down into ponded-up deep 
water, inonrring a great tendency to form deposits. 

« Tank-sewerSy" so called, are constracfced for low oat- 
falls, for the collection of the sewage and the deposit of 
silt, &c. The discharge takes place on the ebb tide, and 
the sewage is entirely got rid of. If twice every day the 
sewers are tide-loclved when the subsidence in the sewers 
takes place, Mr. Baldwin Tiatham argues that a large 
Tolnme of fresh air is immediately drawn into them, ^* so 
that virtually the rise and fall of the sewage in a tide- 
locked sewer acts like a pair of bellows, making the venti- 
lation perfect. Eresh air is drawn in at one period of the 
day, to be expelled when mixed with a small quantity of 
foul air from tiie sewage at another period.'' Mr. Lemon 
also intercepts washings and deposits in tanks at the 
outfall because he discourages flushing into a river ; the 
mud deposited by the outfall-sewer being pumped out 
by a mud-pump or other means. Mr. Tjatham ajqpeals to 
the records of public health in the question of tank-sewers 
versus continuous discharge. In the report of the Registrar- 
General on the health-resorts, published in June, 1879, 
it was shown that in Llandudno, where he had adopted a 
tank-sewer during the previous three months, Uiere had 
not been a single death from any z3rmotio disease. Li 
Worthing, also, where Mr. Rawlinson had adopted the 
tank-sewer, the zymotic death-rate was much lower in the 
same period than at Torquay, where an intercepting* 
system with continuous discharge was adopted. The less 
apparent healthfulnessof Torquay is explained by the lack 
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that that town is the resort of invalids ; so that a higher 
death-rate does not necessarily prove unhealthfulness. 

The most general solution of the problem of sewage- 
disposal 10 to be found in the treatment of sewage by 
chemioal means, resulting in the precipitation of the solids 
and part, at least, of the organic impurities ; the effluent 
being discharged into the sea or the nearest river, and the 
precipitated matter, or sludge, being deprived of nearly all 
of its moistiire by treatment in filter-presses, and reduced 
to the condition of bard cakes of small Tolume, readily 
transpoi-table. When ready means of transport by water 
are available, the sludge may be carried off to the sea in 
barges and discharged there, without any treatment iu the 
fiUer«press. The Metropolitan Board of Works haye de- 
cided to giye this system a triaL They have also experi- 
mented with filter-presses at the Crossness station, with 
satisfactory results. The filter-presses employed are those 
of the Badial Filter-Press Company, of which Mr. D. K* 
Glark is the Engineer; and of Messrs. Johnson and Oo* 

How to dispose of the rainfall is a question of some diffi- 
culty, which has given rise to much diversity of opinion, 
from the fact that, thougli in itself harmless, and even 
advantageous to the river, it sometimes falls suddenly in 
large quantities. These considerations have induced many 
persons to advocate that the rainfall should not be allowed 
to flow off with the sewage, hut should he dealt with by a 
separate system of drains. This theory is, as a general 
rulci impracticable, involving a double set of drains to 
erery house, and the construction and maintenance of a 
second series of sewers to eyeiy street. But for the special 
purpose of irrigation with sewage, the separation of the 
rainfall from the sewage proper is of material importance. 

The application of the principles of town-drainage, thus 
generally enumerated, is yariously illustrated in the laical 
examples of town-drainage, following : — 

The main' drainage of London comes first in order, as a 
magnificent instance of successful drainage, in which the 
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sewage is intercepted in zones, by intercepting sewers on 
each side of the river Thames, concentrated in single out- 
falls, and discharged into the river ut each side, many 
miles below London. 

The drainage of Torquay is another case of the inter- 
ception and collection of the sewage at two levels, com- 
bined in one outfall into the sea, outside the bay, where 
the sewage is finally dissipated and absorbed. 

The drainage of Brighton is another case of interception 
of sewage, where flushing operations have to be resorted to 
to clear the sewers, in consequence of the submergence of 
the outfall by the tide and the suspension of the outflow, 
with the attendant precipitation of silt. 

The drainage of Newport, Monmouthshire, is constructed 
with four outfalls into the River Usk, where the great 
width of the river, and the extraordinary rise of the 
tide, render the volume of sewage an insignificant con- 
sideration. 

The drainage of Dundee is an unique example of sewers 
without ventilation. The sewers are kept clear by flush- 
ing, the motive power of which is derived from the tem- 
porary turning of the sewage from one sewer into another. 

The drainage of Hamburg supplies an excellent example 
of successful flushing of sewers, where the gradients are of 
suflicient steepness. 

The drainage of Paris is designed on the principle that 
the solid excreta should not be admitted into the sewers, 
which are designed only for carrying off rain-water and 
household water. All the sewers are accessible to and 
traversable by men. A thorough system of cleansing the 
sewers is in constant operation. 

The following types of town-drainage have been designed 
with a view to the utilisation of the sewage by irrigation. 

The main drainage of the Wandle Valley is effected by 
gravitation. The scheme is one of separation, in which 
the sewage proper is collected separately from the rainfall. 
The sewage is treated Mdth lime for the precipitation of 
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sludge, which is filter-pressed, whilst the ejQ^uent is turned 
on land for irrigation. 

The drainage of Abingdon, also, is arranged ior the sepa- 
ration of rainfall and road detritus from the aefwage proper. 
The sewers are flushed at regular mteryals, and the sewage 
is punq^d on the land for irrigation and filtratioUi whence 
the effluent passes into the Eiver Thames. 

At the sewage works of Abergavenny, the whole of the 
sewage is delivered bj gravitation upon the land for irri- 
gation and downward filtration. 

In the drainage system of Adelaide, South Australia, 
the sewage is kept separate from raiuiall, aud is dulivured 
on a sewage farm. 



II. — ^TfiE Main DnAJurAus of Londok. 

The objects sought to be attained in the execution of the 
main-drainage works were : the interception of the sewage, 
as far as practicable, by gravitation, together with so 
much of the rainfall mixed with it as could be reasonably 
dealt with, so as to divert it from the river Thames, near 
London ; the substitution of a constant for an intermittent 
flow in the sewers ; the abolition of stagnant and tide- 
locked sewers, with their consequent accumulationfl of 
deposit; and the provisipn of deep and improved outfalls, 
for the extension of sewerage into districts previously, for 
want of such outfalls, imperfectly drained. The works for 
this purpose were designed and laid out by Sir Joseph 
Bazalgette, the engineer to the Metropolitan Jboard of 
Works. 

According to the system which it was sought to improve, 

the London main sewers fell into the valley of the Thames, 
and most of them, passing under the low grounds on the 
margin of the river before they reached it, discharged their 
contents into that river at or about the level and at the time 
of low water only. As the tide rose it closed the outlets, 
and ponded back the sewage flowp^^^]^!^^^. 
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groonds. This aoeunraltttocl in fbe low-ljing portions of 

the sewers, where it remamed stagnant, in many cases for 
eighteen out of every twenty-four hours. During that 
period the heavier ingredients were deposited, and from 
day to day aooumulated in the sewers; besides which, in 
times of heavy and long-oontinued rains, and more par- 
ticularly when these ooourred at the time of high-water in 
the river, the closed sewers were unable to store the in- 
creased volume of sewage, which then rose through the 
house-drains, and flooded the basements of the houses. 

The effect upon the Thames, of thus discharging the 
sewage into it at the time of low wat^ was most injurious, 
because not only was it carried by the rising tide up the 
river, to be brought back to Loudon by the following ebb 
tide, there to mix with each day's fresh supply, but the 
volume of the pure water in the river being at the time 
at its minimum, rendered it quite incapable of diluting and 
disinfecting such vast masses of sewage. 

In the system now adopted these evils have been removed 
by the construction of new lines of sewers laid at right 
angles to the pre-existing sewers, and a litUe below their 
levels, so as to intercept their contents, and convey them 
to outfalls into the river fourteen miles below London 
Bridge. As large a proportion of the sewage as practic- 
able is by this means carried awa^ by gravitation, and for 
the remainder a constant di0charge is effected by pump- 
in g. At the outlets, the sewage is delivered into reservoirs 
siiu ated on the banks of the Thames, and placed at such a 
level as enables them to discharge into the river at or 
about the time of high water. By this arrangement the 
sewage is not only at once diluted by the large volume of 
water in the Thames at high water, but is also carried by 
the ebb tide to a point in the river twenty-six miles below 
Xiondon Bridge, and its return by the following flood tide 
within the metropolitan area is effectually prevented. 

The questions that demanded solution preliminarily were 
these: 1. At what point and state of tlie tide can the 
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sewage "be discharged into the mer bo as not to retuni 

-within the most densely inhabited portions of the metro- 
polis ? 2. What is the minimum fall which should be given 
to the intercepting sewers ? 3. What is the quantity of 
sewage to be interoepted, and does it pass off at a unilonn 
flow at all hours of the day and nighty or in what manner ? 
4. Is tlio rainfall to be mixed with the sewaj^e ; in what 
manner and quantities does it flow into the sewers, and is 
it also to be carried olf in the intercepting sewers, or has it 
to be providedfor ? 5. Haying regaid to all these points, 
how are the sizes of the intercepting and main drainage 
sewers to be determined ? 6. What description of pump- 
ing engines and of pumps are best suited for lifting the 
sewage of London at the pumping stations ? 

With respect io the first question, the position of the 
outf aUs and the time of discharge into tiie river were 
arrived at by placing floats on the riyer, and observing the 
range of oscillation with the How and the ebb. The ' 
experiments proved that it was essential to take the dis- 
charge as far down as Barking Creek, as already stated. A 
practical limit to the distance of dischaige was imposed at 
tiie north side of the river, to secure the advanti^s of a 
discharge by gravitation, a sufficient fall in the sewer being 
maintained ; and at the south side, in order to preserve, as 
a safety outlet, a discharge into the river at low water by 
gravitation, in case of accident to the pumps, as well as 
during excessive floods. By the same experiments it was 
also proved, as stated in the report of Mr. Robert Stephen- 
son and Sir William Cubitt, **that the delivery of the 
sewage at high water into the river, at any point, is 
equivalent to its discharge at low water at a point twelve 
miles lower down the river ; therefore," it is added, the 
construction of twelve miles of sewerage is saved by dis- 
diarging the sewage at high instead or low water." 

With regard to the second question, a mean velocity of 
fne and a half miles per hour, in a properly protected main 
sewer, when running half full, was taken as suflBcienti 



Digitized by 



26o 



DRAINAGE QP TOWNS. 



more especially when the oontenta liaye preyiouslj passed 
through a pumping station. This deduction is based on 
the experimental data supplied by Mr. Wicksteed at 
Leicester, Mr. Beardzaore, Mr. John Phillips, in the first 
Beport of Sanitaxy Commissio&y 1847, <^ Profeeaor 
BobiiuMm. In deteimining the quantity of sewage to be 
carried off, which is required as an element for calculating 
the fall of the sewers, Sir Joseph Bazalgette states that it 
varies but little from the water-supply with which a given 
population is provided, for that portion which is absorbed 
and evaporated is compensated for by the dry weather 
underground leakage into the sewers. The water supplied 
to London in 1856 varied from 20 gallons to 25 gallons per 
head of the population per day ; but an improved supply 
at the rate of 5 cubic feet, or 31^ gallons per head, waa 
estimated upon. The population was taken as at the rate 
of tliii-ty thousand per square mile, except over the outlying 
districts, where provision was made for only twenty thou- 
sand to the square mile. Sewage is not discharged at a 
uniform rate. Taking a liberal margin beyond the results 
of actual measurements made by Mr. Lovick, provision 
was made for one-half of the sewage to flow off within six 
hours of the day, and thus the maximum quantity of 
sewage likely to enter the sewers was estimated. The 
element of rainfall was also to be estimated. Sir Joseph 
Bazalgette ascertained that there are about a hundred 
and fifty-five days in the year upon which rain falls ; of 
these there are about twenty- live days on which the rain- 
fall amounts to \ inch in twenty-four hours, or at the 
average rate of li^vth part of an inch per hour. Of such 
rainfalls, a large proportion is evaporated or absorbed, and 
either does not pass through the sewers, or does not reach 
them until long after the rain has ceased. In the report of 
Messrs. Bidder, Hawkesley, and Bazalgette, in 1858, it is 
concluded, as a mle of averages, that i inch of rain will 
not contribute more than iinoh, or one-half, to the sewers, 
nor a fall of Aths of an inch more than ^ inobi or £ve 
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eighths. To allow for exceptional cases of heavy and 
Tiolent raiii-storms, which have measured i inohi and 
sometuneseven 2 ineheein aahour, oveiflow weixSy to aet as 
safety-valyee, were constraoted at the junction of the inter- 
cepting sewers with the main valley sowers, over which 
tlio surplus waters, largely diluted, flow through the original 
channels into the Thames. The sewers have been made 
capable of carrying off a Tolume equal to a rainfall of 
\ inch per day during the six hours of maximum flow. 

The pumping engines employed are condensing double- 
acting rotative beam engines, and the pumps are plunger 
or ram-pumps, the sewage being discharged from the 
pumps through a series of hanging valyes. In accordance 
with one of the primary objects sought to be attained — 
the removal of as much of the sewage as practicable by 
gravitation, and the minimising of pumping work — three 
lines of intercepting sewers have been constructed on each 
side of the riyer, called respeotiyeljr the High Level, the 
Middle Level, and the Low Level, according to the general 
plan shown in the Frontispiece. The High and Middle 
Level Sewers discharge by gravitation, and the Low Level 
Sewers discharge by the aid of pumping. The three lines 
of sewers north of ^e Thames converge and unite at Abbey 
Mills, east of London, where the contents of the Low Level 
are pumped into the upper level sewers. The aggregate 
stream flows thence through the northern outfall-sewer, 
which is carried, on a concrete embankment, across the 
marshes to Barking Greek, and discharges into the river 
by gravitation. 

On the south side, the three intercepting lines unite at 
Deptford Creek, and the contents of the low level sewers 
are there pumped to the upper level, and the united streams 
of all three flow in one channel through Woolwich to 
Orossness Point in Erith marshes. Here &e full volume 
can flow into the Thames at low water, but it is ordinarily 
raised by pumping into the reservoir, whence it is dis- 
charged at high water. 
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The form generally adopted for the intercepting sewen 
— in which the flow is at all times considerable — is circular, 
which combines the greatest strength and capacity with 
the fimallest quaatity of brickwork and the least cost. In 
the minor branches for distriot drainage the egg-shaped 
section, haying the narrow part downwards, was preferable, 
and was adoj^ted, because llio dry weather flow of the 
sewage being small, the greatest hydraulic mean dept^, 
and consequently the greatest velocity of flow and scouring 
power, is obtained by that form in the bottom at the period 
when it is most required, and the broader section at the 
upper part provides room for the passage of the storm 
waters, as well as for workmen in repairing and cleansing. 

The Nohth Side of the Thames. 

The High Level Seweb. — This sewer commences by a 

junction with the Fleet Sewer, at the foot of Hampstead 
Hill, and passes across the Highgate Boad, through Tnf- 
nell Park Eoad, under the Great Northern Eailwaj and 
the New Biver to Stoke Newington and Hackney, under 
the Nortili London Railway, through Victoria Park, to a 
junction with the Middle Level 8ewer. Down to this 
junction it is a draining sewer, and it is capable of 
carrying oft the largest and most sudden fall of rain. It 
is about seven miles long, drains an area of about ten 
square miles, and intercepts the sewage of Hampstead, 
part of Kentish Town, Highgate, Hackney, Clapton, Stoke 
Newington, and Hollo way. A portion of the district 
adjoining the Hackney Marshes is so low that it was 
necessary to drain it through a branch passing to the Low 
Level Sewer. The High Level Sewer is mostly circular in 
form. It varies in dimensions from 4 feet in diameter to 
9i- feet by 1 2 feet. Its fall is rapid, ranging at the upper 
end from i in 71 to i in 376, or from 74 feet to 14 feet 
per mile, and at the lower end from x in 1,320 to i in 1,056, 
or from 4 feet to 5 feet per mile. It is constructed of 
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stock brickwoorky yaiying m thidmew from 9 mchee to 
27 inches, and the inyert is lined with Staffoidshire blue 

brick, in order to withstand the scour arising; from the 
rapid fall. One tunnel, from Maidea Lane towards iiamp- 
stead, is abouthalf a milelong. 
Under the Great Northern 
Bailway, (lie sewer is 7^ feet 
in diameter, of 14-inch brick. 
Great care was necessary in 
tunneUing under the New 
Birer, its duuinel being on 
an embankment where it is 
intersected by the line of 
sewer, which is 84 ieet in 

diameter, as shown in Fig. ^ « ^ a 

-J -Ej- "L V a . Fig. 04, — Sewer in tunnel under 

84. Much house property at New Biver Embankment. 

Hackney was snocessfully 

under- tunnelled. One house, adjoining the railway sta- 
tion, was under-pinned and placed upon iron girders, and 
the sewer, being there 9^ feet in diameter, was carried 
through the cellar without further injuiy to the house. 
The sewer is carried dose under the bottom of Sir Gkorge 
Diickett's Canal, the soffit of tlio arch of the sewer being 
only 24 inches below the water of the canal. The bottom 
of the canal and the top of the sewer are here formed of 
iron g^ers and plates, with a thin coating of puddle, and 
no leakage from the canal has taken place. The whole of 
the High Level Sewer, including the penstock chamber, 
was completed and opened in May, 1861. 

Tho penstock chamber, at tho junction of the High and 
the Middle Level Sewers at Old Ford, Bow, is 150 feet in 
length, 40 feet in breadth, and 30 feet high. It is pro- 
vided with five large penstocks or bliiices worked by 
machinery, by which the sewage can bo diverted at will, 
either into the two lower channels formed for the discharge 
of the storm* waters into the river Lee, or into the two 
upper channels constructed over that river, and forming 
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fhe commencement of the Northern Outfoll Sewer, Eig. 85. 
Aj9 a rule, the lower cliaiuiels are closed, and the sewage 




flows through the two upper channels to Barking Creek ; bnt 
in times of heavy rain, as soon as the waters have risen to 
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the top of the upper chaiinels, the aarplas flows over five 
weirs, constmeted in the chamber, into the lower ehannelsy 

and is discharged into the Lee. 

The Middle Level bewer was laid as near to the Thames 
as the contour of the ground permitted, with the oligect 
of intercepting aa much eewage as poraible by gravitation, 
and 80 reducing the low level area dependent upon 
pumping. The area intercepted by the sewer is 17 J square 
miles in extent, and is densely inhabited. The sewer 
commences near Harrow Boad at Eensal Qreen, passes 
into Uxbridge Boad at Netting Hill, along Oxford bueet. 




Fig 86. — Sewer in tunnel under Kegeni's Canal, Caledonian Boad. 

across Clerkenwell Green, by way of Old Street to Shore- 
ditch, Bethnal Green Boad, nnder the Kegent s Canal, 
Fig* 86, and the North London Bailway, to the junction 
with the High Level Sewer at the penstock chamber at Bow. 
To enlarge the area drained by gravitation, a branch sewer, 
4 feet by 2 feet 8 inches in section, with a fall of 4 feet per 
mile, is carried along Piccadilly, through Liecester Square 
and Lincoln's Inn Fields, to the main line near Gray*B Inn 
Boad. The length of the main iiue is about 9 J- miles, and 
that of the Piccadilly branch 2 miles. Besides these 
there are minor branches and feeders. The isiX of the 
main sewer varies from 17^ feet per mile at the upper endt 
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by a gradual reduction, to 2 feet per mile at the lower end. 
The sizes Taij from 4^ feet by 3 feet, to io\ feet in dia- 
meter, and, lastly, to 9^ feet by feet at tbe outlet. 

About 4 miles of the main line and the wbole of Piccadilly 
branch were constructed by tunnelling under the streets. 

The Middle Level Sewer is carried oyer the Metropolitan 
Eailway by a wronght-iron aqueduct of 150 feet i^an, 
weighing 240 tons. The sewer is provided with weirs, or 
storm-ov( riiow3, at its several junctions with the main 
valley lines. It was completed in 1864 — 65. 

The Low Level Sewer intercepts the sewage from flie 
low-level area of ix square miles, and is also the main 
outlet for a district of about 14^ square miles, forming the 
western suburb of London. The 8e^\ ago is lifted at Chelsea 
a height of 17^ feet to the upper end of the Xjow Level 
Sewer. This sewer begins in Pimlico^ and passes to and 
along the river side from Yauzhall Bridge. From West- 
minster Bridge to Blackfriars it is formed as part of the 
Thames Embankment, whence it passes under Ciueen 

Victoria Street to Tower 
Hill, whence it passes to 
and along Gommea^aL 
Boad, and under the Lime- 
house Cut, 13 ow Common, 
and the river Lee, on its 
way to the Abbey Mills 
Piunping Station, where 
its contents are lifted 36 
feet by steam power. The 
sewer has two branches, 
from Homerton and from 
the Isle of Dogs. The 
main line is Z\ miles long, 
and its branches are about 4 miles in length. It varies from 
6| feet to 10^ feet in diameter \ with a fall of from 2 feet to 
3 feet per mile« There are storm-overflows into the river. 
The western division comprises Fulham, Chelsea, Bromp- 




Fig. 86a. — Thames Embaakment. 
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ton, Kensington, Shepherd's Bush, Hammersmith, and part 

of Acton. The main line yaries in size from 4 feet by 2 feet 
8 inches to 4^ in diameter, with a fall of 4 feet per mile, 
the depth below the surface being from 14 feet to 30 feet. 
The branch varies in size from 3I feet by 2^ feet to 4^^ feet 
by 3 feet; the fall being lo) feet per mile, and the depth 
below the surface about 17 feet. Besides these, there are 
various other minor branches and works. The works were 
executed mainly through gravel charged with such large 
volumes of water that it was necessary to lay stoneware 
pipes under the inverts of the sewers, to lower ^e water in 
the ground by means of numerous steam-pumps before the 
sewer coidd be constructed. 

The Northern Outfall Sewer is a pecuhar work. It is 
raised above the level of the suzronnding neighbourhood 
in an embankment, like a railway embankment; and it is 
carried by aqueducts over rivers, railways, streets, and 
roads. It commences by a junction with the High Level 
and Middle Sewers, at the penstock-chamber at Bow, and 
passes immediately under the rails of the North London 
Bailway, under Wick Lane, and over the river Lee by an 
aqueduct of 5 7 feet span, consiBting of two wrought-iron 
culverts of the same section as the brick sewers. The 
sewers pass close under the rails of the Great Eastern 
Bailway, up to which place the sewer consists of two cul- 
verts each 9 feet 9 f eet^ side by side, with upright sides 
and semioiroiilar crown and segmental inverts. These are 
built upon a solid concrete embankment, carried through 
the peat soil down to tlio gravel, in many places at a great 
depUi. Concrete is also carried up with a slope of i to i, 
so as to form an abutment to the sides of the sewers. The 
whole structure is then covered with an earthen embank- 
ment, with slopes of li to i, the foot of which is fenced 
by a simple quickset hedge and a ditch. From the Strat- 
ford Eoad, the double line of sewer is continued over 
Abbey MiU Lane by two wrought-iron tubes to the Abbey 
Mills Pumping Station^ where the contents of the Low 

B 2 
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Le7el Sewer axe raised 3d feet From fhis point the parallel 




linee of sewer. Fig. 87, are continued to the outlet at 
Barking Greek. Gates and oyerflow weirs are f onned in 
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the line of the eolverts, enabling the sewage to be turned 

into either or all of them at will, and preventing any one 
of them being at any time overcharged. For a distance of 
I ^ miles at the lower end oi this sewer, through a deep 
bed of pe«jb| eroas trenohee 6^ feet wide and 21 feet apart 
we(re exoavated down to solid ground, and filled in wifli 
concrete piers, upon which brick arches of four rings in 
thi(;kness were turned, the sower being built on those 
arches. The top of the bank is 40 feet wide, and in some 
cases it is 35 feet above the Wei of the marshes. The 
triple sewer is oonstruotod in brickwork, from the crossing 
of the Bow and Barking 1 vailway to its outlet. The invert 
at the outlet is 18 inclies below high-water mark; but, 
before entering the river, the sewage falls over an apron 
a depth of z6 feet» and is discharged by nine oulyerts, 
6 feet by 6 feet, laid at the level of low-water spring tides. 
The reservoir is 16J feet deep, and is divided by partition 
walls into four compartments, covering an area of 412,384 
square feet, or about 9^ acres. The walls are of brick- 
work, and the entire area is coYcred by brick arches^ sup- 
ported on brick piers founded on concrete. The sewers form 
one side of the reservoir, and a communication is made 
between them by sixteen openings, through which, when 
the penstocks are closed, the sewage enters the reservoir, 
where it is stored until high water. The sewage is ordi- 
narily prevented rising aboye a certain lerel in the reser- 
voir, by means of a weir ot orerflow in the partition-walls, 
which are built hollow, the spaces communicating with 
the discharging culverts below the outfall sewers. The 
Northern Outfall Sewer and reservoir were completed and 
opened in 1864. The sewer is 5^ miles in length. 

The Abbey Mills Pumping Station is the largest of the 
kind on the main-drainage works. It provides engine 
power to the extent of 1,140 horse-power, for the purpose 
of lifting a maximum quantily of sewage and rainfall of 
15,000 cubic feet per minute a height of 36 feet. There 
are eight engines, worked in couples, with sixteen boilerp^ 
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The cylinders are 4} feet in diameter, with a stroke of 
9 feet. Tho pumps are double-acting. Each engine works 
two pumps, 3 feet loi- inches in diameter, with a stroke of 
4^ feet. The boilers axe doubled-flued, 8 feet in diameter, 
and 30 feet long. The engine-houae is in throe floors or 
compartments, the lower one being the pump-well into 
w hich the sewage is convey ed from the Low Level Sewer ; 
the intermediate one forming a reservoir for condensing 
water, and the upper one holding the engines. The sewage 
from the Low Lerel Sewer passes tfaiongh open iron cages, 
the bars of which intercept any substance likely to inter- 
fere with the proper action of the pump-valves ; and 
it passes through into the wells, and is lifted by the 
pumps through hanging valves, into a circular culvert of 
cast-iron ; and theuce it is forced into any of the three 
culverts forming the Northern Outfall Sewer. This 
pimiping station consumes about 10,000 toub ul coal per 
year. 

The Soxtth Side of the Thames. 

The High Level Sewer and its southern branch corre- 
spond with the High Level and Middle Level Sewers on the 

north side of the Thames. The main line commences at 
Clapham, and the branch line at Dulwich; and they to- 
gether drain an area of about 20 square miles, including 
Tooling, Streatham, Olapham, Brixton, Dulwich, Camber- 
welli Feckham, Norwood, Sydenham, and part of Qti\ en- 
wich. Both lines are constructed of capacity sufficient to 
carry off all the flood waters, so that they may bo entirely 
intercepted from the low-lying distriet, which is tide-locked 
and subjected to floods. The storm-waters are discharged 
into Deptford Greek, whilst the sewage and a limited quan- 
tity of rain flow by four iron pipes, 3 J feet in diameter, 
laid under its bed, into the outfall sewer. The two lines 
meet in the New Cross Koad, and are continued side by 
side to Deptford. At New Cross, the branch line is iq feet 
above the main line, and falling more rapidly than the 
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main line, it joins it on one level at Deptfoid Broadway. 

The brancli is 4 J miles luiig: of which 1,000 feet were 
executed in tunnel at depths of from 30 feet to 50 feet. It 
yaries from 7 feet in diameter to loi feet by loi ieet, 
liaying segmental aides and inverl^ and a eiioular orown. Its 
fall varies from 30 feet per mile at the npper end, to 2^ feet 
per mile at the lower end. The old Effra Sewer, wliich 
fell into the river near Vauxhall Bridge, has been diverted 
to this sewer. Two subsidiary branches have been ex- 
tended from the sewer at Dulwioh : one to Crown HiU, 
Norwood, and the other to the Grystal Palace. The main 
line varies in size from 4i feet by 3 feet at the upper end, 
to loi feet by loi feet, of the same form as the branch. The 
outlets of the two sewers, loi feet by 10^ feet, are each 
fitted with two hinged flaps» one above the other; the 
lower one being usually fixed dose, so as to form a dam 
to drive the waters through the iron pipes into the Outfall 
Sewer ; but the upper one hanging free, in order to serve 
as a tide fiap^ and allow of the exit of the sewage into 
the creek, when it rises in the sewer to a sufficient altitude, 
lu eases of heavy floods^ the lower flap can be opened 
to admit of a free and full discharge into the creek. The 
entrances to the iron pipes are in troughs or sumps in 
the large sewers, a short distance behind the outlet flaps, 
and are fitted with penstocks to shut oft the sewage from 
the Outfall Sewer in case of need. The falls of the main 
line are, at the upper end, 53 feet, 26 feet, and 9 feet per 
inch to the Etfra Sewer at the Brixton Road, and thence 
to the outlet feet per mile. The sewer is executed in 
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one half, that forming the invert being in Portland 

cement, and the remainder in blue lias mortar. The line 
was completed and opened in 1863. 

The Low Level Seweb does not follow the course of 
the liver, like that on the north side, but^ commencing 
at Putney, it takes a more direct line through low 
ground wliich once formed the bed of a second channel of 
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the Thames ; and it drains an area of 20 square miles, 
comprising Putney, Battersea, Nine Elms, Lambeth, New- 
ington, South wark, Bermondsey, Hotherhithe, and Dept- 
ford. The surface is mostly below the level of high water, 
and is in many places 5 feet or 6 feet below it, having been 
at one time completely oorered by the Thames. The 
sewers of the district have but little fall, and, except at the 
time of low water, they were tide-locked and stagnant. 
After long-continued rain they became overcha^ed, and 
were nnable to empty themselYes during the short period 
of low water. The waters were, thereforSi constantly 
accumulating, and many days frequently elapsed after the 
cessation of the rain before the sewers could be entirely 
reUeyed, the sewage in the interim being- forced into the 
basements and cellars irf the houses. The want of flow 
also caused much accumulation of deposit in the sewers, 
the removal of which was difficult and costly. The Lovr 
Level Sewer has, in fact, rendered this district as dry and 
healthy as any portion of the metropolis* It is 10 miles 
long, and varies in sise from a single sewer 4 feet in 
diameter at the upper end, to the culverts, each 7 feet high 
and 7 feet wide, at the lower end ; and its fall ranges from 
4 feet to 2 feet per mile. The lift at the outlet is 18 feet. 

This sewer was constructed through a stratum of sand 
and gravel overlaying the day, such as is frequently found 
in the beds of rivers, and copiously charged with water. 
Some very successful instances of tunnelling under canals, 
railways, and house property occurroil in the construction 
of this work. A method of pumping in a quicksand, and 
rendering it dry and firm ^thout drawing off the sand, 
was adopted. Cjylinders were sunk at spots quite away 
from the line of the works, and to a depth considerably 
below that to which the works were to be extended. By 
this means the precise nature of the ground, and the 
quantity of pumping power that was required to overcome 
the water, were at once attained, and then, after thoroughly 
^rwiung the ground, the works were commenced. A 
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drain-pipe, and in some case two drain-pipes, were carried 
TindemeatL the whole of the work aud securely bedded in 
concrete ; and this was found to be of the greatest value 
in getting in the f oundationBy which were thus cUme in a 
peifectly dry condition, Figs. 88, 89. 




Much difficulty was experienced in executing a portion 
of the work doee to and below the foundation of the 

arches of the Greenwich Railway and under Deptford 
Creek, owing to the large volume of water there met with. 
Two iron cylinders, each 10 feet in diameteri were sunk 

n3 

« 

Digitized by Google 



274 



DRAINAGE OF TOWNS. 



through the sand to a depth of 45 feet, the water being 
kept down by pumping at the rate of from 5,000 gallons 
to 7,000 gallons per minute. The sewer was carried under 
Oeptford Creek bj oonstruoting a cofEerdam into the 
middle of the creek, executing one*half of the work at a 
time. 

The sewers of tliis district had a fall generally from 
west to east, and had been connected with each other ia 
Bueh a maimer that in case of one becoming first o^er- 




f'ig* — Sump, Old Kent Road. Fig. 1^. — bewt^r in tumiei uuuur 

Gh»nd Sorrey Canal. 



charged it might be relieved by its neighbour, and the 
sewage he reduced to a uniform level all over the district. 
Accordingly, a branch was constructed from the Low Level 
Sewer at High Street, Deptford^ towards the riyer to 
St. James's Ghuroh, Bermondsey. This branch intersects 
the Earl, the Duffield, and the Battle Bndge Main Sewers, 
and relieves a large and populous district. It is 2 miles 
long; it is from 5 feet to 5^ feet in diameter, and it faUs 
4i feet per mile. It is from 15 feet to 40 feet below the 
Burfaoe^ and it has been in operation since z864« 
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The Deptford Pumping Station is by the side of Dept- 
ford Creek. The sewage is lifted from the Low Level 
Sewer a height of 18 feot into the outfall sewer. An iron 
wharf-wall and barge-bed, 500 feet long, has been oon- 
Btmoied at the side of the Greek, and is provided with a 
crane and tramways for landing coal or other materials. 
Four rotative pumping engines of 152 horse-power each, 
are capable together of lifting 10,000 cubic feet of sewage 
per minute a height of 18 feet. They have ten Oomish 
boilers, eaoh 30 feet long and 6 feet in diameter. The 
cylinders of the engines are 48 inches in diameter, with a 
stroke of 9 feet. The pumps, two of which are linked by 
one engine direct from the beam, are single-acting, plunger- 
pumpSy 7 feet in diameter, with 4^- feet of stroke. 
The pump-Talyes are leather^faoed hanging valves, and 
the sewage is discharged through them into a wrought- 
iron culvert placed on the level of the outfall sewer, and 
connected with it by a brick culvert, which receives also 
the sewage from the High Level Sewer, previously 
brought by gravitation imder the Greek, through four 
cast-iron pipes 3^ feet in diameter. Both streams enter 
the outfall sewer, and they are together conveyed to Cross- 
ness, where they are again lifted. The chimney shaft at 
Crossness is 7^- feet in diameter at the base and 6 feet at 
the top, and is 150 feet high. The furnaces draw from 
the sewers and the engine- well to assist in the ventilation 
of the works. Provision is made by gratings for the 
interception of the larger substances brought down by the 
eewers. This station has been in operation since 1864. 

The SoTTTHBSN OuTFAiiL Seweb conveys the sewage 
which flows into it from the High Level Sewer by gravi- 
tation through the four iron culverts laid under Deptford 
Creek, with that which is pumped into it from the Low 
Level Sewer, from Deptford through Qreenwioh and 
Woolwich to Crossness Point in the Erith Marshes. It 
is constructed for its whole length of yf miles entirely 
undergroimd. It is 11^ feet in diameter, in brickwork 
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generally 18 inches thick; tfnd it has a fall of 2 feet per 

mile. The bottom of the sewer is 9 feet below the level 
of low water at its outlet into the river, so that it can 
discharge into the river at and near to low water by grayi- 
tation in caiw of need ; but ordinarily the discharge is by 
pumping into tiie Orossness reserroir. Hie sewer has 
been constructed at a depth of 16 feet below the surface, 
except where it passes through Woolwich, where it is 
from 45 feet to 75 feet imdergrotmd. The large volume 
of wat^ met witJi in the Plumstead Marshes rendered the 
oonstruotion of the lower part of the sewer Tery costly. 
It was completed and opened in 1862. 

The outfall of the sewage on the south side of the 
Thames is at the Crossness Eeservoir and Pumping Station. 
The sewage is discharged into the river at the time of 
high water only, but the sewer is at such a level that it 
can discharge its full volume by gravitation about the 
time of low water. Its outlet is ordinarily closed by a pen- 
stock placed across its mouth, and its contents are raised 
by pumping into the reservoir, which is built at the same 
level as that on the north side, and, like it, stores the 
sewage, except for the two hours of discharge after high 
water. The sewage is thus diverted from its direct course 
to the river into a side channel leading to the pump-well, 
which forms part of tiie foundation for the engine-house. 
From this well it is lifted I y four beam rotatory engines, 
each of 125 horse-power, and actuating direct from the 
beam the compound pumps, each having four plungers. 
The cylinders are 4 feet in diameter, with a stroke of 9 feet. 
The pump-rods are oonneoted to the beam at each side of 
the beam-oentre. The steam is supplied by twelve Oomisli 
boilers. The maximum ordinary quantity of sewage lifted 
is 10,000 cubic feet per minute. During the night it is 
less \ but it is nearly doubled after a heavy rainfall. The 
lift varies from xo feet to 30 feet, according to the levels in 
the sewer and reservoir. The pumps are single-acting, and 
have 4}-fe6t plungers. The plungers are placed in paira^ 
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and may be partially thrown out of gear, according to the 
demand for power. The sewage is discharged into a 
WTOught-iron trough thzoogfai haaging leather-faced y alvee, 
which are- auspeaded from wiought-iron flhaeUes and 
fitted with wrought-iron back and front plates. Each 
valve is 1 8 inches by 12 inclies. Substances likely to 
prevent the proper action of the valvee are detained by a 
grating placed in front of the openings to the pump-weQ, 
the Bubstances 80 intercepted being lifted from the face of 
the grating by an endless chain, with buckets or scrapers 
and combs attached, working vertically in front of and in 
close contact with the grating, the teeth of the comb 
passing between the bars. On the descent of the chain 
the buckets are oyertumed, and they discharge their con- 
tents into a trough, from which they are removed by 
manual labour. 

The sewage is discharged through brick culverts into 
the reservoir, or, in case of need, provision is made for its 
discharge through other culverts directly into the river. 
After being stored in the reservoir till the time of high 
water, the sewage is discharged by a lower set of culverts 
into the river. There are two tiers of eight openings in 
each compartment of the reservoir, the upper eight for 
the admission of the sewage from the pumps to the reser- 
voir, and tihie lower eight for its discharge into the river, 
the apertures in all cases being opened and closed by pen- 
stocks. The reservoir is 6^ acres in extent, and is covered 
by brick arches supported on brick piers, and is furnished 
with weirs for overflows and with a flushing culvert. In 
height, level, and general construction it is similar to that 
at Barking Creek, already described. Over the reservoir are 
built twenty-one cottages for the engineers and other per- 
sons employed upon the works. The ground on which 
these works were constructed consists of peat, sand^ and 
soft day, and affords no sufficient foundation within 25 feet 
of the surface. To minimise expense for foundations the 
culverts on the various levels were built, as far as was 
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practicable, in the same trenches, one above another. The 
boilers and stokehole iioors are supported oa arches which 
spring from walls brought up from fhe grayeL A wharf 
wall of bricks on brick aicheSy Testing on pieis built up 
from the gravel, has been constructed along the river 
frontage of the works for a distance of 1,200 feet. The 
piers are formed of iron caissons filled with concrete. 
The chimney is aoo feet high and is 8^ feet in diameter 
internally. Thereserroiry as well as the colyerts and pump- 
wells, are all connected by flues with the furnaces of the 
boilers, for purposes of ventilation, in a manner similar to 
that adopted at the Deptford and other pumping stations. 

The outlet from the outfall sewer into the riTor, consists 
of twelye iron pipes, 4 feet 4 inches in diameter, earned 
under the "saltings " into a paved channel formed in the 
bed of the river. These pipes are gathered into the single 
sewer, by culverts iu brickwork on the land side of the 
wharf wall, the culverts being gradually reduced in number, 
and their dimensions increased, as they approach the junc- 
tion with the large outfall sewer. These works were com- 
pleted early in 1865. 

The tunnelling and the formation of the sewers through 
quicksands charged with large Tolumes of water were 
rendered practicable and safe by a method of pumping 
water out of the ground, without withdrawing the sand. 
The method adopted was first to sink in some convenient 
position near the intended works, a brick well to a depth of 
5 feet or 6 feet below the lowest part of the excavation. 
In some cases, for great depths, an iron cylinder was sunk 
below the brickwork, and the bottom and sides of the well 
were lined both with shingle, which filtered the water 
passing into it, and exposed a large surface of this filtering 
medium. Earthenware pipes were carried from this well 
and laid below the invert of the intended sewer, small pits 
being formed at the mouths of these pipes, to protect them 
from the deposit. By these means, the water has been 
successfully withdrawn from the worst quicksandsy and 
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they have been rendered firm and dry for buildings on 
them. Buty unless the ground is so dry and solid that it 
can be excavated to the exact form of the sewer to be 
placed on it, there is no portion of the work more impor- 
tant than the e^ectual backing of the invert and the 
haunches with concrete. 

The bricks used in the works have been mostly picked 
stocks^ and ganltday bricksi and the inverts were occasion- 
ally laced with Staffordshire blue bricks* The brickwork 
is laid in blue lias lime mortar, mixed in the proportions 
of two of sand to one of lime, for one half or two-thirds of 
the upper circumference of the sewers^ and the remainder 
has been laid in Portland cement mixed with an equal 
weight of sand. A yery considerable length of sewer has 
been laid entirely in cement. The specifications provide 
that the whole of the cement shall be Portland cement of 
the very best quality, ground extremely fine, weighing not 
less than no pounds to the bushel, and capable of main- 
taining a breaking weight of 500 pounds on square 
inches, seven days after being made in an iron mould, and 
immersed in water during the interval of seven days. 

The total cost of the main drainage works amoimted to 
about £4,100,000. There were, in 1865, a total of about 
1,300 miles of sewers in London, and S2 miles of intercept- 
ing sewers ; 318,000,000 bricks and 880,000 cubic yards of 
concrete have been consumed, and 3,500,000 cubic yards 
of earth have been excavated in the execution of these 
works. The total pumping power employed was 3,380 
nominal horse-power. The average actual consumption 
of coal is estimated at 20,000 tons per year. If at full 
work day and night, 44,000 tons of coal would bo consumed 
per year. 

The lengths of the main intercepting sewers herein 
noticed, with the areas senred, dimensions, and the falls of 
the sewers, are abstracted in the following table 
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TABUB XXI.— >Tn Minr Drahtaob of LomMir. 



NOBTU SiPB OP THE 

Thambb. 
High Level 

Middle Level < 

Do. Piccadilly Branch 

Low Level 

Do. Branches 

Western Division . 

Oat&U 

South Side op 
Thames. 

High Level ... 

Do. Branch • . • 

Low Level 

Do. Branch • . • 
OatlsU 



of 
8ewer8. 



Hoes. 



9i 



8t 

4 

5i 



4i 

lO 

7i 



Area 



Square 



lO 

-{ 



II 



{ 



i4i 



-( 



20 



20 



-I 



Dimension of 



4 ft. dlam. to 
9i ft. X 13 ft. 

diam. 
4j ft. X 3 ft. to 

loj ft. djam. 
and 9j ft. X 12 
ft. at outlet. 
4 ft. X 2 ft. 
8 ins. 
6} ft. to 10^ ft. 
diam. 

4 ft. X 2 ft. 8 in.^ 
2 and 3 euiverts 
9ft. X9ft- 



Fall pec 
Hile. 



47 ft. X 3 ft. to 
lo^ft. X lojft. 

7 ft. diam. to 

10 ft. X 10 ft. 

4 ft. diam. to 

7 ft. X 7 ft. 

5 ft. to 5i ft. 

diam. 
11} ft. diam. 



14 ft. to 74 ft. 
at top, 4 ft. to 

3 ft. at bottom 
1 7 ft at top 
to 2 ft. at 
bottom. 

4 ft. 

2 ft. to 3 ft. 



4 ft. 
2 ft. 



53 ft., 26 ft., 
and 9 ft. at top 
to 2| ft. bottom. 
30 ft. at top to 
2 \ ft. at bottom. 

4 ft. at top to 
2 ft. at bottom. 

4ift. 
alt 



Total length of all Intercepting Sewers, 82 milee. 



m. — ^Ihb Mabt Dbaxnagb op Toboitat. 

ToBQTJAY, on the northern shore of Torbay, ib a town of 
upwards ol 50,000 inhabitants. In 1867, it was obserred 
ttiat ''night-soil fever prevailed where the sewerage 
defective." At tliat period, nearly the whole of Tor<^ua7 



Digitized by Google 



MAIN DRAWAGS OF TORQUAY. <8l 



was supplied with sewers, by which the old cesspools were 
supplanted. But the main sewers were constantly closed 
at their outlets by the sea, which at high water iiowed up 
a oonsiderable way into the town; xnaay of them were of 
insiifficient capacity, and, the T^ntilation being defeotiye, 
foul gases were diiven into the houses. During heavy 
rain, the basements were flooded, and the discharge of 
sewage into the bay had become very o^exiaiTe in hot 
weather at kw water. 

Torquay, wifli it sulnirbs, is divided into three distinct 
drainage areas, the sowago of wliich was formerly dis- 
charged into the bay by three different outfall sewers. 
!• The Tor Abbey district. The upper part drained into an 
open dhannely the lower and urban part into a brick sewer 
i8 inches in diameter at <he upper end, and enlarged below 
to an egg-shaped section 3 J feet by 2 J feet. The outlet, 
known as Corbyn's Head, was closed at its entrance into 
the sea, and thence it discharged into deep water through a 
15-inch pipOy 600 feet long. 9. The Upton Valley district, 
wMoih contains the greater part of the population. The 
upper portion is suburban, and the floodwaters are carried 
off by an open channel down to St. ^lary ^lagdalen Church. 
Here the Channel is joined to a barrel drain, 2 feet in 
diameter^ caizying the sewage of Upton ; and also by the 
branch sewera bam, Boston Fields and Torhill Bead. 
Thenoe, a sewer of varying size and inclination passes 
down generally in the line of Fleet Street and Union Street. 
It originally had an outfall into the Bay, at the level of 
half tide, at a point in the New Bead west of the harbour, 
where it was 5 feet deep and 3 feet 4 inches wide, fitted 
wilih flaps, and whence it was continued into the bay by 
an 18-inch pipe 300 yards long. This pipe was not of 
much use except about the time of low water. When the 
tide had risen to the level of the invert of the main sewer, 
the sewage was discharged dose to the New Boad, a fre- 
quented promenade, instead of through the iron pipe. In 
wet weatliur tiiii» occurred at nearly all times of the tide. 
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%. The of the Meadf oot district was discharged at 

the Meadfoot beach through a 15-inch pipe, having the 
outlet at low-water line. 

The quantity of water brought into the town daily by the 
waterworks is about i|OoOyOoo gaUons. The dry-weather 
flow <A the sewage is about 1,250,000 gaUons^ tiie excess 
being caused by the streams, springs, and overflow of 
wells, which have been taken into tho sewers. 

A combined high-level and low-leTel system of drainage, 
designed by Sir Joseph Bazalgette, was adopted in 1872, 
with an outfall into the sea at Hope's l^ose, and this desigu 
has now been executed. The high-level sewer commences 
near the Abbey at the lower end of Mill Lane, the invert 
at this point being 34 feet above Ordnance datum, the 
level of high-water spring tides being 4" 8*16 feet. 

The total length cl the high-level sewer is 179O30 feet^ 
niade up d sewers of the sizes and gradients following 



HiOH Lbyel Sbwea, Torquay. 



Sue. 



2\ ft. by I ft. 8 uifi., egg-shaped 



it 



ft 



2^ ft. in diameter 

4 »» >» 
5 1 ft. by 4 ft., oval 

Two lines of cast-iron pipes 3 ft. in diameter 

Barrel aewer 7 ft. in diameter 



Length. 



feet 
1,206 

367 

ijao 

1,000 
1,200 

150 



Gtadieni. 



I m lao 

I in 59 

I in 1000 

I in 1000 
I in 1000 
1 in 1177 
I ia 1177 



The high level sow or travorses Torquay in almost a 
direct line, as shown on the map, Tig. 91, from west to 
east ; and it extends from end to end of the entire district. 
Of the total length, more than half — 10,172 feet — has 
heen constructed in tunnel, for the most part in rock. 
There are three tunnels. The sewer at tlie lower end of 
Mill Lane, Fig. 92, is egg-shaped, 2^ feet by i foot 8 inches. 
Xhe inyert is of Portland-cement concrete^ mi d the axoh is 
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of brickwork in cement. It pames along tbe roa«L to Tor 

Abbey, where it is circular, 2\ feet in diameter, of 4j-inch 
brickwork^ founded in and auxxoundad bj liaa lime concretei 




Fig. 91.— Tdqaaj Dnuaage. 



^^S^- 93< Where the sewer runs parallel to and near to 
the atream, the concrete f oundationfl were carried throngh 




Fig. 92.— Sewer, 2\ feet by Fig. 93. — 2\ feet JSewer. 

I foot S inches. 

the peat to a solid bottom at a considerable depth, and the 

side next tlio sti'eain was protected by a limestone rubLlo 
retaining waU^ the same being under the footpath of the 
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new Toady wifh which it was tonned in oonjunotion^ from 
the end of Long Ayenue. The si-feet sewer extends as 

far as Belgrave Eoad, and is in some places ont of the 
ground. Thence to where it runs into Waldon Hill it is 
circular, 4 feet in diameter, partly in tunnel through sand- 
stone easily ezoaTated, and lined with 9 inches of brick- 
work. From behind Abbey Orescent to Waldon Fill the 
sewer was executed entirely in Portland-cement concrete, 
and rendered internally with cement. The 5i-feet by 
4-feet sewer extends from about 300 feet east from Abbey 
Crescent in a direct line through Waldon Hill to the Bock 
Bead steps in Swan Street The tunnel is 1,150 feet long, 
and the maximum depth below the surface is 2 1 2 feet. The 
pumping-station is at the Hock Road steps. Two lines of 
3-feet cast-iron pipes connect the 5l-feet by 4-feet sewer 
with a 7 -feet barrel sewer, which is oontinaed to the outfall. 

From Meet Street the main sewer passes to the Meadf oot 
Beach. It is a tunnel for a length of 4,456 feet, at a max- 
imum depth of 171 feet, through limestone principally, 
and also through shale, stifE clay, and treacherous heavy 
ground. A new roadway, and a sea-wall 1,900 feet long, 
«were constructed along the Meadf oot Beach. The sewer, 
Fig. 94^ runs under the road, andit oontnsts of a single ring 
of brickwork, surrounded with and founded upon lias lime 
concrete, carried down to the solid rock. The wall is of 
random-coursed limestone masonry, backed with rubble; 
all the joints of the enter face, up to a lerel of 3 feet above 
high water of lE^ring tides, are of Portland cement, and 
the rest are of lias-limo mortar. The parapet is almost 
entirely of headers, which at short intervals are built into 
the wail to a depth of more than 3 feet. 

From Meadf oot Beach, the sewer passes into Xilmorie 
Hill, and is in tunnel to Hope's Nose, a length of 4,564 
feet. The nature of the roclj, varied greatly — argillaceous 
and silicious grit, shale, and limestone. Nearly the whole 
length of the tunnel was lined with either brick or Port- 
land-cement concrete. The high-leyel sewer is ventilated 
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by openings at thirteen plaoee : No. 2 shaffc is at Kilmorie ; 

two shafts are on Meadfoot Beach ; No. 1 1 shaft at pumping 
station, off Torbay Road. There is a chamber fitted with 
a hanging flap just above the Kihnorie ventilator, so that 
air cannot be driven during the time of high water bj a 
heavy sea into the town. There are also several manholes 
not used as ventilators. The flow of sewage is continuous 
— a condition fayourable for the prevention of sewer gas. 




Fig. 94.— Sea-wall, Sewer, and Boad, at Meadfoot Beach. 



liBTge catch-pits for intercepting the road detritus have 
been made at Long Avenue, Belgrave Boad, Meet Street, 
Babbacombe Point, and Meadfoot Bead. They require to 
be cloarod out frequently in wet weather ; but there has 
not been any deposit in the high-level sewer. 

Low Level Sswsbs. 

The low-level system receives the sewage of about one- 
tenth of the population of Torquay. It is 5,184 feet in 
total length, composed as follows : — 
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SiM. 

• 

--- 




Gfadinft. 




Total length.... 


i,aoo 

300 

317 
2,207 

660 

500 

5.184 


{ I in 45 \ 
\ I in 300 j 
I in 100 
I in 130 
I in 350 
I in 500 
I in 500 


Beacon Terrace. 

Market Street. 
Vaughan Parade. 
Torbav Bead. 
Strand. 
Swan Street 



The pipes are jointed in cement^ snxrennded with con- 
crete, and made as watertight as possible. The ndnfoll is 

admitted into the old sewers. The invert of the 3 -feet 
barrel sewer at the pumping station is 3*6 feet above Ord- 
nance datum, and that of the high level sewer at the same 
point is + 13*8 feety maiking a lift of (13*8 — 3*6 =) 
lo'a feet from inyert to inveH. The low-level sewage is 
lifted by a water-pressure engine, with pumps in duplicate, 
capable of lifting 14,000 gallons per hour. The pumps 
are worked bj a head of 250 feet of water from the town 
main, and thej are arranged with automatic regulators. 
The actual quantity of water used for this service, in 1879, 
was 6,593,000 gallons, which, at 4d. per 1,000 gallons, 
cost about £110 per year. 

At an early period in the construction of the works, a 
storm-overflow was made to relieve the existing Meet 
Street sewer until the high-level sewer was completed. It 
is 4 feet in diameter and 850 feet long, constructed entirely 
in Portland-cement concrete. The invert level at the out- 
fall at the sea-wall, Gary Green, is 4*9 feet above Ordnance 
datum, and 12*8 feet at the point where it joins the old 
sewer. Almost i&mediately on its completion the utility of 
this overflow was clearly demonstrated, for, after a heavy, 
rainfall, the land water and sewage coming down Fleet 
btreety being intercepted at a high level, were carried 
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direct into the bay instead of into the basements of the 
low-l;>'ing property, where formerly, after even a moderate 
rainfall, it had damaged property to an amount in excess 
of the total cost of the new orerflow. This oveiflow isnow 
connected with the high-level sewer. 

The Waldon Hill tunnel, 1,150 feet long, was driven 
through limestone rock, and when entirely driven, it was 
lined with Portland cement concrete, averaging 6 inches 
in thickness. 

The Meadfoot Hill tunnel is 4,458 feet in length. "When 
the ground was soft it was taken in 12-feet lengths and 
timbered, the bricklayers following the miners into the 
heading. The general thickness of the brickwork is 
9 inches ; it was set in blue lias lime mortar. 

The Kilmorie tonnel, leading to the outfall at Hope's 
Nose, was driven through very hard rook, which, having 
baffled the efforts of the hand-miners, was excavated by 
means of Ingersoll's rock-drills, driven by compreflflod air. 

The discharging capacity of the high-level sewer, when 
full, is 8,380 oubio feet per minute. After continuous 
rain, the discharge has been 4,380 feet per minute, or 
about thirty-three times the rate oi the average dry-weather 
flow. 

The sewage escapes at the outfall by an excavated chan- 
nel into the sea, whence it goes out in nearly a straight 
line in the direction of the sewer through the hill, and is 

seldom deflected to one side or the other. In calm weather 
and in particular states of the atmosphere, there is no 
difficulty in tracing the sewage for a considerable distance; 
and it has been repeatedly observed that it does not under 
any circumstances return into the bay. 

The total cost of the main drainage works to the Local 
Board amounted to £66,145. They were constructed in 
part by contractors, but much the greater part was executed 
\]fj the Xiocal Board by administration. 

The' average cost of the Waldon Hill tunnel was aa 
follows : — 
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PwllOMlitOt 

Driving 675 fee* • • • . £1 11 
Trimming 023} 

Driving and trimming • . • i 13 4 
Umng tiie tmuiel • • o 2 8 

Total ooet of completed sewer • i 16 o 

The cost for driving and trimming, £1 138. 4d. per 
lineal loot^ is equivalent to £1 198. 2d. per cubic yard of 
work excayated. 

The Meadfoot tunnel, 4,183 feet long, cost £10,382 
198. io}d., or £2 98. 7Jd. per lineal foot. !For driving only 
the cost was £1 99. i Jd. per lineal foot. 

The Kilmorie tunnel, 4,564 feet in length, cost aa fol- 
Iowa: — 

Per lineal foot. 

Driving . , . £10,701 96 or £26 io| 
Trimming . • 2,294 5 ^ t» o 10 oj 

Driving and ti-tnuning 12,995 15 2 ^ 2 IC> li^ 
Lining . . . 1,363 3 3| »» 05 ii| 

Total cost of sewer 14,35818 5f tt 3 2 xi 

lY. — ^Ths Main D&ajnaoe of BikiOHiON. 

Until about forty years ago the sewage and household 
water of Brighton were drained into cesspools. Eain-water 
was disdiarged through sewers into the sea. When the 
houses were drained into the sewers these became a nuisance* 

There was a trunk in the centre of the town, opposite the 
central valley, to carry the sewage to low- water mark ; but, 
being a structure 10 feet high, made of wood, and subject 
to the action of the waves, it leaked very much, and the 
sewage was really delivered immediately on the shore, and 
was very offensive. Mr. P. C. Lockwood, Borough Sur- 
veyor, laid a 12 -inch iron pipe to carry the sewage out to 
low-water mark, which proved succesBfid, and induced the 
corporation to lay a 3-feet pipe, 1,760 feet long and another 
8,000 feet long at the western district, extending 1,500 feet 
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beyond low- water mark. The lowest depth of water at 
these points was from 8 feet to 16 feet above the ends of the 
pipes, and the sewage was contiiiuousljr deli7ered at the 
rate of from 3 to 3 miles per hour, and, according to Mr. 
Lockwood, it was disposed of before it oould reach tiie 
shore. With a south-west wind, he says, it might at times 
have reached the shore ; but before it could do so it was so 
oxidised by the air and the water as to be practically harm- 
less. But at the western boundaiy of Brighton, where it 
joins Hove, there was an outfall which only reached to 
low-water mark, and which was a serious cause of offence. 
From the three pipes, 10,000 cubic feet of sewage was dis- 
charged per minute, with a velocity of 580 feet per minute. 
The flattest gradient in the old sewers was z in 218, or 24 
feet per mile, and the whole of the sewage in its entirety 
was taken into the sea. The pipes were put together with 
lead joints, and floated out in lengths of from 550 feet to 
300 feet, the joints at the ends of each section being made 
with wooden wedges, and the whole secured by screw-piles. 
They were perfectly tight. A short time before the project 
for an intercepting sewer was entertained, Mr. Lockwood 
examined the mouth of the principal outfall pipe, and he 
found that the bed at the bottom of the sea was perfectly 
clean. The outfall scoured for itself a dean place, and 
there was no sand around it— nothing but white chalk, 
which coxdd be seen from a boat when the water was dear. 
The three outfalls still serve to receive the storm over- 
flow from the new sewers. 

The new intercepting sewer conveys the sewage from 
west to east, to the new outfall at FortobeUo, according to 
the design of Sir John Hawkshaw. The intercepting 
sewer begins at Hove Street, passes under the Shoreham 
Koad, and imder the beach as far as East Street. Tor 
nearly all the remaining distance the sewer passes under 
the Marine Parade and Newhayen Bead to FortobeUo. 
The length and size of Hie sewer are as follows : — 

o 
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fttt 

Circular sewer, brickwork, 5 feet in diameter up 
to East Street 9>900 

Bo* 6 feet in diameter to the Steyne • • • 7 to 

Bo. 7 feet in diameter to the penstock ehtmbert 

Portobello 27,460 

Between the penstock chamber and the sea, partly 
ol brickwork, partly of three cast-iron pipes, 
4 ieet in diameter, side by side • • • 520 

Total dietanoe (7i milee) • • . 38,590 

The fall is 3 feet per mile, excepting the last mile before 
the penstocks, where it is only i foot. It is 2 feet between 
the penstock-chamber and the outfall ; and as there is a 
steeper gradient for a short distance near Hove Street, 
the average fall is about 3 feet per mile. The invert at 
Hove Street is 2i|- feet above low-water of spring tides ; 
at the penstock chamber it is 2 feet above it, and at the 
outfall it is on the same level. The discharge of a circular 
sewer, 7 feet in diameter, with a faU of 3 feet per mile, 
when full, is, by Eytelwein's formula, 7,380 cubic feet 
per minute. 

A catch-tank is placed on each tributary sewer just above 
its junction with the intercepting sewer, in which road- 
gril^ stone, and other heavy materials are trapped, which 
would otherwise get into the main sewer. All the tanks 
are ventilated by shafts up to the roads. The tank at 
the Steyne, Fig. 95, is 40 feet long, 18 feet wide, and 
is deeper than the sewer. In the junction or tum- 
bling bay built at Eottingdean for connecting the village 
sewer, the invert of the main sewer is 50 feet below the 
suifaoe of the road, and communication is effected by 
means of a vertical shaft, in which the descent is broken 
off into six falls of 6 feet each. Flagstones are for this 
purpose built into the walls of the shaft, projecting alter- 
nately from opposite sides more than half-way across the 
shaft Each flag is set to a slope of 3 inches, in order to 
prevent lodgment of water or solid matter. Ladders are 
provided in the shaft so that the £ushers may dean down 
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the shaft. A small oatch-pit, 12 feet long, k built at Hie 
top of the ahaft. 
There are sixty-one yentilators on the line of the main 

sewer, at distances of about 200 yards apart. Of these, 
twenty-four are supplied by side entrances, including the 
penstock chamber. Nine ventilators are fitted with hand- 
and-foot irons bnilt into thenii mating thirty-three available 
entrances between Hove Street and the penstock chamber. 




Fig. 95. — Catdi-taiik, Aiain Valley Junction, at Steyne. 



Four of them have entrances from the beach, as well as 
winding stairoaaea to the road. The gratings are not 
directly over the sewers ; tihey are at one side, over a small 
catch-pit for stones and dirt. The grates are cast-iron, in 
two parts, of which the outer part is bedded in the road- 
way as a frame, to receive the grit, which is lodged in it, 
and whiohmay be lifted, when required, to give access to 
the catch-pits. 

o2 
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There are three storm overflows in Brighton : the western. 
4 feet above high< water of spring tides ; the central, 3 feet 
aboTe it; and the eastern, %\ feet aboye it. During the 
first six months after the sewage was let in, tibe central 
overflow in the main valley had comu into operation 
three times, and the two others had operated once, on 
which oooasLOn the fall of rain was nearly \\ inch in 

twenty-f onr hours. In 
die second six months, 
the storm overflow came 
into operation only once. 
In the orerflow at Ste jne, 

^^g- ^ iB built 
in a slanting direction 
across the old sewer, and 
the ordinary drainage 
passes along a new sewer 
towards its junction with 
the intercepting sewer. 
The level of the top of 
the weir is 2 inches 
higher than the old storm oyerflow farther down the old 
sewer, so that practically the same relief is afforded as 
before. 

One inlet has been constructed at the Ste3me, with pen- 
stocks to admit sea- water to flush the sewers, generally at 
spring tides. The upper end of the sewer is abore high 
water, and flushing water is obtained by pumping, or JSrom 

the waterworks. 

The penstock chamber, 45 feet by i6|- feet, contains the 
self-acting valves, and two sets of penstocks^ of which one 
set is employed to shut out the tide in case of the Talrei 
not acting. The other is employed for penning back the 
sewage temporarily, so as to flush the outfall at low water. 
Between the penstock and the sea, the section of the sewer 
changes from a circle to a semicircular arch with a flat 
invert, Eig. 97, and from that to three iron pipes in a 
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Textical row. Beyond ibe ends of the pipes the sewage 
runs in a trenoh in tbe beaoh, only Tisible at low water of 

spring tides. 

Tlie works were commenced in January, 187 1, and com- 
pleted in June, iS74« The brickwork was shown to be 
9 inches thick on tlie 
oontract drawings ; but 
between KottingdeLin 
and the penstock cham- 
ber the thickness was 
increased to 13!^ inchesi 
and thence to the sea to 
18 inches. The brick- 
work of the sewer was 
set in Portland cement 
mortar (2 of sand to i of cement) ; the walls of the pen- 
stock chamber were set in greystone lime mortar. Gkiult 
pressed bricks were used in tlie inverts, and ordinary gault 
or stock bricks in the arches. To keep the works dear of 
water, thirteen 20-inch pumps were employed, driven by 
one 50 horse-power stationazy engine, and eight portable 
engines ayeraging 14 horse-power each. The ventilation 
of the sower, in progress, was good in every porliou where 
there were two openings. Where there was only one open- 
ings, the air in the heading became bad at 500 or 600 feet 
from the shafts and openings to the dilf were frequently 
made. 

The total cost of the work to the Board was about 
1 00,000, but the actual cost was £40,000 more. The 
cost of a lineal foot of the 5 -feet sewer, which was built 
almost entirely under the first contracti and in open cut- 
tings, was 29s. The cost per lineal foot of the 7 -feet 
sewer, 9 -inch work, done by tuuuelling, was 27 s. nnder the 
first contract, 4 is. under the second contract. The cost of 
a ventilator varied from £20 when the sewer, as at Gliftoif 
Yillay was not far from the surfacci to £160 when th^ 
ground-level was from 150 feet to 160 feet above the in- 




Digitized by Google 



294 



DRAINAGE OF TOWNS. 



Tert. The ventilators, induding catdi-pitfl, gratings, &c.| 
maj be said roughly to haye cost £z per Tertioal foot. 
By letting water in at the Steyne, at spring tides, and 

by occasionally keeping the penstocks shut till low water, 
the sewer is cleansed of all deposit between tbe Steyne and 
Fortobello. The sea- water is admitted at spring tides for. 
four or five days in succession. In addition, the upper end 
of the sewer is flushed twice a week, or oftener in dry 
weather, by penning back the se\Yage by a sluice. 

That it is not necessary to raise any deposit out of the 
sewers between the Steyne and Portobello is a result due 
chiefly to the greater pajrt of the deposit haying been inter- 
cepted in the catch-tank at the Steyne, which is cleared 
out nearly every night. The other catch- tanks do not 
require to be cleansed so frequently ; but their utility, and 
the consequent saying of labour and maintenance have 
been dearly shown. 

Notwithstanding, it is necessary to employ six flushers, 
men whose duty it is to clear out the deposits of silt by 
flushing. The range of the tide is 2 2 feet ; the invert at 
Hove is 2 1 '6 feet above low water, and the point of outfall is 
exactly at low water. The sewage is for the most part of 
the day blocked in by tide, and there being no current at 
all, sludge is freely deposited. From six loads to twenty- 
one loads of silt are lifted from the catch-pits per week ; 
the total quantity in seventy-hve weeks (from July, 1874, to 
December, 1S75) having been 740 loads, or about ten 
loads, on tiie average, per week. A load is alitde more 
than one cubic yard in volume. 

In view of the great quantity of sludge deposited in the 
sewer, putrefaction must be active, and, in fact, large 
volimies of sewer gas are given ofi^, escaping through the 
ventilators, which are in the high road of the principal 
drive, and some of them in the centre of the town. In 
frosty weather watery vapour can be seen issuing from tlie 
middle of the street. Multiplying the length of the sewer 
by the diameter, the evaporating surface covered with 
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sewage, or deposit from sewage, amounted to aboat 253, 000 
square feet. Since the work was completed, a ventilating 
chimney, 100 feet high, has been erected^ one mile eastward 
of Kemp Town, having an area of 10 square feet at the 
summit, with, a fire-grate area of 20 square feet. This 
chimney is in close proximity to a shaft, 100 feet deep 
from the road to the sewer, making together a draught- 
height of 200 feet, by which a powerful yentilatLon is 
established. A tidal valve is introduced in the sewer at 
the same point, which opens for the sewage, and shuts out 
any air or other gases coming from Portobello. 

The discharging power at the outfall is about 8,0c 
cubic feet per minute. According to another estimate, the 
quantity of sewage is at the rate of under 25 gallons, or 
6 cubic feet per head of the popidation, in twenty-four 
hours. In the daytime, when there is no rain, the ordinary 
depth of sewage is 12 inches, and the maximum velocity is 
84 feet per minute, or nearly one mile per hour. At night 
the flow is about 6 inches deep at the Giiain Pier, and 
10 inches at Portobello. 

It is questionable whether the new intercepting sewer 
answers the purpose of the main drainage of Brighton any 
better than the direct system which preceded it. In the 
latter, the gradients were much steeper than in the former, 
and were such that the whole of Uie sewage was carried 
directly into deep water, without leaving deposits. So 
thoroughly did l^ey act that during the whole of the ten 
years in which they were at work, they did not require any 
attention whatever. 

A greater degree of continuity of flow would have been 
obtained if the fall of the intercepting sewer had been 
less, say 2 feet, as suggested by Mr. Grant, instead of 
3 feet per mile, and so placing the outfall at a level 7 feet 
higher than where it is. The outfall could then have been 
kept dear four hours out of the twelve. To compensate 
for the lower rate of flow, the sewer could have been made 
a little larger. 
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V. — Dbainagb Wokks of Newpobt, Monmouthshire. 

The borough of Newport, in 1863, covered an area of 
950 acres, with a population of 23,248 persons. It is 
situated on the Eiver Usk, which is discharged into the 
Bristol Ghaxmel about 3^ miles below the borough. The 
riYer, at the upper part of the town, is 450 feet wide at 
higli-water spring tides, and has a sectional area of 12,000 
square feet. At the lower part of the town, it is 900 feet 
wide, with a sectional area of 26,500 square feet. The 
rise of the tide in the river at ordinary springs is 35 f eet» 
and at extraordinary springs^ about 40 feet. It occu- 
pies only five hours, the current being necessarily very 
rapid. 

Before the construction of the new system of sewers, 
several miles of sewers and drains had at different tunes, 
during a long series of years, been oonstruoted on tilie 
western side or right bank of the river, where nearly all 
the town stands. These were for the most paxt of rude 
design and rough material. Many of them were small and 
square, and others were merely a rough stone arch over a 
ditch, without an invert. Tjbl many cases they were built 
to preserve the old watercourses and field-ditches, without 
regard to the intended street-lines or buildings, and they 
often passed obliquely under houses and gardens. In the 
greater proportion of the town, cesspools were used. These 
old sewers, varying from i foot to 4^ feet in height, had nin e 
open outlets into the river varying in level from 5 4 feet to 
12*9 feet below high- water of ordinary spring tides. The 
tide Hewed up the sewers and frequently fiooded the cellars 
and basements. 

According to the design of the new system of sewers, 
designed by Mr. Alfred Williams, it was arranged that the 
ntimber of outlets was to be reduced from nine to four by 
means of intercepting sewers ; that the sewage of two-thirds 
of the town should be brought to the lowest outlet down 
the river, near the extremity of the borough ; and that by a 
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fartlier expenditure, if justifiable, the greater portion of the 

remaining third might be brought to the same outlet ; that 
the gradients were to be generally favourable, the lowest 
indinatiou of auj new sewer being i in 488, or about 11 feet 
per znile near the lowest outlet^ and nearly half the entire 
length of new sewers being steeper than x in xoo ; and that 
no cost was to be inenrred for flushing. 

The system comprised about 7 miles of new brick sewers 
varying in height from 14 inches to 4^^ feet; all above 
14 inches being egg-shaped and narrow at the inyert, with 
outlet works ; a sufficient number of entranoes with yen- 
tilating shafts, and street gullies. The provision of several 
outfalls into the river within the borough was considered 
to be permissible, in the exceptional case of Newport, 
where the size of the river and the extraordinary rise of 
tide render the volume of sewage matter discharged into 
the river comparatively insignifioant. 

Of the four outfalls, two are old outlets where a large 
quantity of land-water is discharged. For the other two, 
places were selected which would be suitable for the 
utilisation of the sewage, if that should be found profit- 
able, where the sewage water would have a short and 
steep run into the stream at low*water, and where only 
short lengths of pipes would be required, should they be 
found necessary. The level of the cills of the old outlets 
are 8*8 feet and 12*6 feet below high- water of ordinary 
spring tides, and^those of the new outlets are feet and 
1 2*6 feet. The outlets are dosed by valves when they are 
covered by the tide, and they for a time act as reservoirs. 
The valve consists of an iron disc suspended loosely by 
chains. When the tide rises it fits closely on its seat in 
the ironwork whidi is fixed in the wall, the opening 
being smaller than the sewer. These valves answer 
well; there is no flooding, and the houses and cellars 
remain dry. 

The dimensions and costs of the sewers are as follows, 
all but the first being egg-shaped. 

o3 
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IntmuU iTIiiKiirioiiB 


Height 


Width. 


ft. iZL 


• 

ft. in. 






2 6 


I 10 


2 6 


I 10 


t 0 


2 2 


3 0 


2 2 


3 0 


2 2 


3 0 


2 2 


4 6 


3 0 


4 6 


3 0 


4 6 


3 6 



I 
2 

3 

4 

5 
6 

7 
8 

9 
10 



Thickness of 



ixiches. 

1 



I 4 J in. with 9 
( in. inverts. / 
6 io. 

16iii,with9in. \ 
iiiTerts. y 
Q in. 
f Qin.but I 
I crown 6 in. ) 
9 in. 
9 in. 



QoAiitily 
uf briek- 
work per 

lineal 
yard. 


Average 

depth of 
oottiiig. 


Cost per 
lineal 
yard, 
including 
junotions. 


cubic ft. 

9 

I2i 


ft 
10 

10 

10 


s. d. 

/ t 
10 \\\ 

13 10 


HtV 


10 




Hi 


10 


15 6 


17 


10 


17 2 


23> 


10 


22 0 






28 I 


32tV 

33J 


n\ 
153 


31 5 
35 0 



Prices tor 10 feet depdi of cutting are givea for the 
sake of easy comparison, though many of the sewers were 
laid deeper. The greatest depth for 4^- feet sewers was 
20 feet. The cost of the brickwork and mortar was i8s. per 
cube yard for 9-i2ioli w<Mrk^ iSs. 6|d, for 6-iiidi work, and 
19B. i|d. for 4^-incli work. Earthwork cost about xb. 4d. 
per cubic yard. The brickwork was generally laid in mor* 
tar, composed of blue lias lime and clean sharp sand, in 
the proportion of i of lime to or 2 of sand. The Grown 
of the sewers was ooated outside with ^inch thickneea of 
mortar. Cement was used in some places for the brickwork 
and concrete for the fonndations. For the 6*ind[i brick- 
work, radiating bricks 6 inches deep radially, 1 2 inches long, 
and averaging 3^ inches thick, were used. They were the 
means of effecting a latge saving in many of the sewers, 
where otherwise two rings of 4i^-iach work would haye been 
used. For the 4i^-inch work, also, radiating bricks were used. 

The sewers are connected by curved junctions or bell- 
mouths, the curves being laid at a steeper inclination. 

The subsoil in the flat part of the town — ^where most of 
the new sewers were required— is a lerel deposit of mud or 



Digitized by Google 



DRAINAGE OF NEWPORT. 299 



clay, covered for a depth of 6 feet with ships' ballast or 
with clays from the docks. The construction of sewers iu 
this fiat district was easy when the ground was dry; bat 
generally, owing to the looseness of the ballast and the 

water it contaiiicd, the trenches had to be well liDud with 
planks and strutted. The planks were driven down verti- 
cally as the workmen removed the ground, while other 
men bailed or pumped out the water that ran in from the 




Fig- 9^-^HBiihoIe and Ventilatory Newport. 

ballast or from old drains, and sometimes from the river at 

high tide. In one case, of a large sewer, a syphon was 
employed — when the state of the tide would allow — to dis- 
charge the water into the river. 

The ventilation of the sewers is effected, and means of 
access to them secured, by a large number of manholes 
and ventilators combined, placed in the middle of the 
streets, as shown in Fig. 98. These consist of a square 
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Bhaft oanied up from the sewer to near the BurhoSi and 
covered bj a flagstone, and on this a Hiin layer of mac- 
adam. Close to the shaft a small cess is constructed of 
brickwork in cement, with a flagstone bottom, and is con- 
nected to the shaft by a 9-inGh stoneware pipe, laid 
6 inehes above the bottom of the eess, and tlm>ngh the 
briokwork to the shaft. A strong iron grating, hinged, 
w 'iik a notched sui'face, is fixed over the cess. Any stxjnea 
or other rubbish falling through the grate are caught in the 
oess. Ladder-irons are built in the brickwork ol the shaft. 
The combined manhole and yentilator costs £4 io8«, com- 
plete. This arrangement is open to the objection that the 
inanliole shaft is not available without removing the flag 
which covers it, and thus breaking up the street. 

During the construction of the sewers, glazed stoneware 
9-inch and 6-inch pipes were inserted in the side walls, for 
connecting house and street drainage. Usually, a separate 
6-inch drain was constructed for each house, or a 9-inch 
drain for two or more houses belonging to the same owner. 
Cesspools were deared and filled up, and all sewage matter 
was passed through pipe-drains into the sewers, water- 
traps being placed at the commencement of the drains and 
in the closets. The junction-pipes not used for house- 
drainage, although partially stopped with a slate or a tile, 

afforded inlet for water, and 
helped to drain the subsoil 
below the level of ihe ceUars. 

The gully -grates for street- 
drainage, i^'ig. 99, are of cast- 
iron, 21 inches by 17 inches 
at tiie surface^ hinged, and 
slighjly concaye in the line of 
the bars, with a vertical dia- 
phragm suspended at the side next the connecting pipe from 
the sewer, acting as a trap. The caating weighs 2^ cwt. 
The connection with the sewer is made with a 6-ineh pipe. 
The gully, grate, cess, and drain complete cost £3. 




Pig- 99.— OnUy-tiap^Kewport. 
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The total cost of tha work was £11,862^ for which 
12,500 lineal jarcb of sewers, with manholes^ yentUatorsy 
gullies, and oullets were constroofced. 

The annual rate of mortality in Newport decreased from 
30*3 in a thousand for several years before 1S50, to less 
than 20 in a ihousanrl in i860 — 61 • The improyement is 
ascribed^ under Ptoyidence, to a oonsiderahle extent to 
effldent drainage and water supply.'' In confirmation, the 
registrar of Newport states, in a letter dated February 13th, 
1863, the number of deaths I registered last quarter was 
128, chiefly from diseases of the resjnratoiy organs; 
there was not one case of feyer. The mortality of Newport 
became much reduced immediately upon the formation of 
the drainage, and I estimate it to be now 22 per 1,000." 
In the report of Dr. Davies, Medical OflS^cer of Health 
for the Borough, for the last three months of 1862, he 
says, " Not one death has been recorded from continued 
feyer, which is a most remarkable immunity among so 
large a population, and is no doubt chiefly to be attributed 
to our excellent and thorough syistem of drainage/' 

YI. — ^DnADTAOE OF THE BOBOUOH OF Du2n>EB. 

Dundee, in 1863, contained a population of about 
lOOyOOO persons. It covers an area of about six square 
miles. Its docks coyer 30 acres. Preyious to 1851, the 
town^ with the exception of three or four streets^ was 
wholly undrained, and the sewage flowed on tilie surface 
of the streets and closes," many of which are not more 
than 6 feet in width ; or it was discharged into cesspools, 
having no other outlets than the surface channels. There 
was a preyailing high rate of deaths from l^phus feyeri 
and seyeral outbreaks cl cholera^ with minor evils. 

The sewerage of the town was commenced in 1856, and 
completed in 1862, at a cost of £52,000. The site of the 
town, on the estuary of the Tay, is slightly embayed, com- 
prising a leyel tract of day, silt, and grayd, backed by a 
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liaiDg groond, in which the gradient of Mraral streets is 

I in 7. The highest portion of the town stands 300 feet 
above the mean tide level. 

One of the old sewers was constructed by the Harbour 
Tmstees to intevoept the drainage of the town, and pre- 
vent it faom entering the docks or tiie tidal basin. It ex- 
tends the whole length of the harbour, about 1,600 yards, 
and runs nearly parallel to the river. It has a fall of i in 
400, or 13 feet per mile, and its average depth below the 
surface is 15 feet. Its outfall is 2z feet below the level of 
the quay, or 8 feet bdiow the level of mean tide. It is 
built of rubble masonry, rectangular in section, 7 feet 
high, 3 feet 9 inches wide. This sower is the pnneipal 
outlet for the drainage of the town sewage and flood waters. 
It drains about i^ooo acres of surface. The diy-weather 
disdiarge of sewage is 2 feet deep, with a velocity of 
65 feet per minute, which rises to 6 feet during storms, 
and a velocity of 116 feet per minute. Another outlet, 
6gg section, 3^ feet by feet, drains a suburb of about 
4,000 persons. A third, 4^ feet by 3 feet, is required hxt 
flushing purposes, and acts as a relieving sewer during 
floods. 

The whole of the drainage, so far as was practicable, 
has been carried to the flrst and main outfall. It is dis- 
charged at once into deep water, where the river is a mile 
broad, and is speedily dissipated in the stream. The 
sewerage is a combination of brick sewers and salt-glazed 
fire-clay socket-pipes. The brick sewers, of the egg form 
section, shown in Fig. 100, page 305, are laid in the leading 
thoroughfares. All converge to a point in the centre of the 
town, and this ^uit has been taken advantage of in regard 
to the main outlet. The streets drained by pipe-sewers are 
chiefly those at right angles with the river, which are the 
steepest and the most suitable for pipe-sewers. The 
joints of the pipe-sewers were made witii day. The 

sectional dimensions of the different sizes of sewer axe M 
f oUows : — 
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Brick SewerB 


Height. 
. 3 fi. 0 in. 


Width 
I ft. 10 in. 


»• 
t> 
•9 


• ^ »» ^ >» 

• il 0 

• *i ti ^ tt 


2 »» 3 »» 

3 m 0 m 


PipeSewen 
»> 


• • • 

• • • 


Diameter. 

• 9 in. 

• 12 „ 


»» 


• • • 


• '5 »' 


»• 


• • • 


. 18 M 



The ayerage depth of the sewers below the suilaee is 

12 feet — considered necessary in order to secure proper 
drainage of the cellars. The depths varied from 7 fcn^t to 
31 feet. The deepest outtiiig, in trap rook| was 19 feet. 
The total quanti^ of xook ezoayated was 24,000 oubio 
3rards, the g i oatcr portion of whioh was remoyed by means 
of gunpowder. It was even necessary, in some cases, to 
use gunpowder inside dwelling-houses, in the formation of 
branch drains. By using only sinaii quantities of powder 
for each shot, and ooyering and loading the zoek, casualties 
were preyented. Bunning sand occurred in many places. 
In one lane, not more than 9 feet wide, with ponderous 
buildings on each side, having their foundations near the 
surface, a bed of this sand was met with at a depth of 
9 feet. The sewer in this case was of large dimensionSi 
and at a leyel of 13 feet below the surface, but by shoring 
the buildings and using cofferdams, all injury was obyiated. 
But in this and in many other instances it was necessary 
to leave nearly the whole of the timber lining iu the 
trenches. In several streets, when the subsoil was suffi- 
ciently solid, tunnelling was resorted to; but this was 
found unsatisfactory, and was given up, because of the 
uncertainty of securing thorough consolidation of the spaces 
to be filled up over the arches or the pipes. The numerous 
gas-pipes and water-pipes were a source of great annoyance 
and expense. 

The leading or intercepting sewers are from 12 inches 
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to 1 8 iaciies deeper than the lateral and branch, drains, in 
order to prevent Biiting of these drains. In sewers of litde 
fall, sand speedily accumulates. But the quantity of sand 

and the time in which it is deposited are materially in- 
fluenced by the quantity of water passing through the 
sewers. With a fall of i in 600, or 8*8 feet per mile, the 
earthy and more soluble matters are carried off by the 
ordinary rainfall and sewage ; but a deposit of coarse sand 
is lelt behind in all sewers having no greater fall than that. 
The minimum fall is 1 in 700, or 7*5 feet per mile. 

Oi brick sewers, i o miles were constructed, and of pipe- 
sewers 20 miles, making together 30 miles of sewers. The 
cost of the two classes averaged 33s. per yard and 13s. per 
yard respectively. 

Manholes, with 9-inch brick walls, have been con- 
structed at intervals of 40 yards along each sewer, and at 
junctions. They are provided with cast-iron covers, having 
frames 8 inches deep to match the paving setts, and 
grooved lids hung on wrought-iron axles. Projecting 
bricks alternately on opposite sides of the manholes serve 
as ladders. 

The brick sewers are provided with invert blocks of 
glazed fire-clay, 30 inches in length. The waUs and arches 

are 9 inches thick, the latter being turned with two rings 
of half brick. In wet or yielding subsoil, the invert- 
blocks were laid on coAcrete. When exposed to the influx 
of the tide, the side walls were built in Eoman cement. 

Junctions of sewers are illustrated by Fig. 100. They 
are formed at acute angles, in order that tiie combining 
currents may not baffle each other. 

GuUy-draius are placed at intervals of from 30 to 
60 yards apart, being closer together in the steepest 
streets. They are for the most part made with 6-inch 
faucet-pipes. In the streets, in the level part of the town, 
they are made with 9-inch pipes. The sewer gases ai'e 
prevented from escaping through the gullies by stone 
valves, hung with copper links, on one side of a small cess- 
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pool, Fig. loi. The bottom of ihe cesspool is 10 inches 
lower than the lower side of tlie vaiye, and stones and 
other matter falling in are 
trapped. The gulIj-dxaJns 
are intended for the recep- 
tion of rain-water only, the 
cess-pools being cleansed 
weekly during the preva- 
lence of wet weather. They 
freely pass the water^ and 
retain the heayier road 
detritus. The stone valves 
have a fine grain^ and with 
a 2-ineh overlap on the 
opening, properly poliahed 
and adjusted, they are ca- 
pable of resisting a con- 
siderable head of pressure^ 
and remain perfectly watex^ 
tight. 

The branch drains have 
in all cases boon made with 

stoneware pipes, of from ^ ,oa-Jmioftm Sewn.. 
4 inches to 12 inches in 

diameter. Where they are connected with the sinks and 

water-closets in houses, they h;ive 
no other traps than those of the 
syphons which are placed in im- 
mediate contact with sinks or 
water-closets. Underground cel- 
lars, near the level of hi^^li tide or 
the water-run of the public sewers, 
and having branch drains into 
these^ are proyided *with self- 
acting flap-valves of stone, like 
those used in the gully-drains. 
The fiuiihing of the sewers is eftected by intercepting the 





Pig. lOI. 
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Bewage at any suitable point by means of a cast-iron gate^ 
and turning it into any sewer, or special series of sewers. 
The yarions lerels have been taken advantage of for this 

purpose, and by means of a series of gates of this descrip- 
tion, placed at the junction of the sewers, as in Fig. loo, 
and immediately under manholes^ giving ready access to 
them, the greater portion of the sewers haye been rendered 
self-deansing. As already stated, in sewers haying little 
fall, of, say i in 600, or 8 8 ft. per mile, there is a tendency 
to accumulation of sand; and in pipe-drains with eiren 
greater fall than this, where the ordinary house-drainage 
only exists, sand also accumulates. The fluahing-gates, 
shown in Fig. 100, are only 15 inches deep, and they 
answer the purpose of overflow weirs, preventing the 
sewer during floods from being subjected to undue pres- 
sure, by allowing the surplus contents to flow into sub- 
mdiary outlets. 

When a sewer is to be cleansed, a windlass containing 
45 yards of chain is placed over each of two adjacent man- 
holes. Aseriesof tubes, or hollow rods, each 4 feet in length, 
extending to 40 yards, wiHi screwed 'ends to fit together, is 
then put together at the bottom of the manhole, and is 
pushed by hand to the next manhole, where the rods are 
imscrewed as they are drawn through. The chain is attached 
to the last rod, and is by this means caiiied along the sewer, 
and fixed to the cleansing tool in connection with the other 
chain and windlass. Horizontal and vertical bars of iron 
with clamping screwed slides, to suit any size of sewer, are 
then fixed, the yertical bars haying iron pulleys on their 
lower ends .with hinged openings, through which the chain 
is passed. As the matter to be removed from the sewer 
usually consists of hard sand, a tool is first attached to the 
hooks of the chain, in order to plough or break it up. A 
scraper formed of strong fiat iron is next drawn through, 
backward and forward, seyeral times. The stufiF remoyed 
is hoisted to the surface. The cost of cleansing* sewers on 
this system is 2d. per lineal yard for brick sewers and Id. 
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for pipe Bowero. Seweors require to be deonsed about onoe 

in twelve months. 

It is a question whether it would not have been better 
and more economical to have paid the water company for 
a proper supply of vater, and to have depended upon that 
for scouring power, 

VII. — DUAINAGB OF HaMBUKG. 

The sewerage of Hamburg, designed by Mr. W. Lindloy, 
is worthy of notice. It vras executed upwards of thirty-iive 
years ago. The most striking feature of the system is 
the means of constantly flushing tbe sewers, which are 
kept so dean that it is rarely necessary to send any men 
into them except for the purpose of making repairs. There 
is a syphon sewer passing under the canal, which is kept 
dean by flushing with as much apparent facility as the 
sewers with a regular fall. The forms and dimensions of 
the sewers vary with their inclinatiou, as well aa with the 
quantities of sewage which they were designed for carry- 
ing oS.. The steep sewers are cylindrical, from 15 inches 
to 20 inches in diameter, and their fall yaries from i in 15 
to I in 150, or from 352 feet to 35 feet per mile. Four or 
five miles of such sewers have been laid. For long main 
lines when such rapid falls could not be obtained, oval 
sewers of large dimensions were built, sufficiently large 
for men to pass through, being 4 feet high and 2\ feet 
wide. This class of sewer was not made with less incli- 
nation than I in 500, or 10 feet per mile, in the upland 
district of the city, where the quantity of water to be ob- 
tained for flushing is dependent upon the waterworks. 
But in the marsh districts, where the water for flush- 
ing is obtained from the river Alster, sewers of tins de- 
scription are laid as nearly level as an inclination of 
I in 3,000 or I •76 feet per mile. The marsh land would 
not allow of a greater fall, and the imlimited flushing 
power derived from tlie river rendered the adoption of sudi 
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low gradients quite unobjectionable. Eyeiy house has its 

drain-pipe discharging directly into the sewers without any 
cesspool. Where there is fall enough, a 6-inch iron pipe is 
carried directly into the opening built in the sewer to 
receiye it ; but where there is less f all^ the brick drains of 
12 inches or 15 inches in diameter reeeiYe the soil-pipes 
within the house and discharge the contents into the main 
sewer. 

The larger classes of sewers follow each other in suc- 
cession^ as the number of smaller sewers are united and 
the quantiiy of water to be carried ofE increases. The 
largest sewer is 5 feet wide and 6 feet high. During heavy 
storms of rain, the quantity of water delivered into it from 
all its tributaries is so great that it has, on a few occasions, 
been filled nearly to the soffi.t. 

The whole of the upland sewers were so laid out as to 
act as catch-water drains, and thus to separate the upland 
waters £rom the marsh sewers. This arrangement was 
necessary, because the water in the Elbe remains at times 
from 24 to 36 hours above the cellars of the houses. The 
upper ends of all the sewers, are connected either with the 
river Alster, which affords a head of 13 feet of water, or 
with the canals by which the city is intersected, or with other 
liigh-l^iiig sewers, the latter foniiiiig reservoirs supplied 
from the waterworks. Thus there are not any dead ends, 
and all the sewers can be thoroughly flushed from one end 
to the other. By this arrangement, it is true, additional 
outlay was incurred for extra length of sewers to form the 
connections with the water-heads, and for penstocks and 
flushing-gatos to turn the stream in the direction required 
through the sewers. But the general result of this through 
system of flushing is great economy in working ; and it is 
proved that the cheapest means of getting rid of the mat- 
ters discharged into the sewers is to dilute them with large 
quantities of water, and then to flush them away. 

There are two outfalls for the sewage of Hamburg, one 
for the upland waters and the other for the lowland waters. 
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The two discharges are delivered into the main stream ol 
the xiyer Elbe at a point below the city and the harbour^ 
80 selected that steam engmes may be placed to pomp the 

sewage-water over the lands of tho adjoining district, 
when such a proceeding may be deemed advisable. 

A district ol the city is so situated as not to be susceptible 
of being drained by seU-deanaing sewers, and the main 
object of the system was to prerent all aooamnlations of 
filth within the sewers, keeping them clean by repeated 
flashing from a head of water. The experience of many 
years has shown that this plan is both practicable and 
eeonomicaL Animal and vegetable refuse being in this 
manner washed away before decomposition can take place, 
poisonous gases are not evolved, and the atmosphere of 
the sewers, by the aid of a system of ventilation, is kept 
in an. innoxious and healthy state. The extent of the 
flashing power is evidenced by the experiment of patting 
a large cast-iron ball into the sewer dipping under tlie 
Alster on the higher side. It is forced out in the opposite 
direction by the head of water. 



Ym.— Thx Main Drajkaob ov Fabis. 

When, in 1808, the subject of the main drainage of 
Paris first reoeiyed i^stematio inyestigation^ the " great " 
or main drain, was only a large natural ditch — the brook 

of Menilmontant converted into a ditch or open sewer. 
As early as the year 1412, this brook is mentioned as 
having been osedfor the purpose. la x74o> this ditch was 
walled and arched orer. It was assumed in 1808 that the 

drains shoidd empty themselves into the Seine, following 
the undulations of the streets. The river within the limits 
of the city was made the main receiver of all the sewaga 
From botibi banks and from the central islands all outlets 
poured directly into it, and at the end of 1837 there were 
probably forty independent outfalls. By the more recent 
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deyelopments^ all tkese outfalls were, with liliree exceptions, 
abandoned, and lonp^tudinal intercepting drains of a large 
section, running parallel to the river, were substituted, and 
the drainage was collected at four points of discharge, 
namely, Asniire, Ghaillot, the Idand of St. Ijonis, and tiie 
Island of Notre-Dame, in addition to which, in 1863, 217 
miles of main sewers had been constructed in Paris. In 
January, 1874, a total of 356 7 miles had been constructed, 
and it was then estimated that 286*8 miles, moetlj in the 
suburbs near the fortifications, remained to be constructed 
to complete the whole syBtem, making a total length of 
6 43 J miles. 

The drains are confined to the carrying off of rain-water 
and household water. Night soil has no connection what* 
ever with the drains. It is carted away from the dfy and 
deposited at appointed places. Boad-scrapings find their 

way into the drains. Besides, the sand which is stored in 
heaps along the streets for purposes of repair is converted 
into a mud, which, with the road-sorapings, is not uncom* 
monly swept into the drains. In many casee the inclina- 
tion of the drains is so slight that they can hardly carry 
off tho solid matter, which, in fact, is deposited, and must 
be cleared away by mechanical means. 

The principle thus adopted by the French engineers for 
the drfldnage of Paris differs materially from that of Lon- 
don and the practice of English engineers. In England 
the egg-shaped sewer and peculiar form of invert lias been 
adopted as being the best for self -cleansing and carrying 
either a maximum or a minimum quantity of sewage. 
In Paris also the oval-shape has been adopted, but tiie 
invert is nearly flat, forming the radur or floor, of a 
breadth varying from 16 inches to 24 inches. This modi- 
fication, in connection with the great height of the sewer, 
at least 6 feet, was adopted in order to allow workmen to 
enter and cleanse even the smallest sewers. 

In streets of a width greater than 651- feet, double lines 
of sewers are constructed, one under each footpath, to limit 
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Fig. 102.— Xntercept- 
ing Sewer» Paris. 



the length of the branch-drains, whicii are laid at the 
expense of the proprietors. 

The main intercepting sewer of the south side, ' * Grand 
£gout Collecteur de la Eiye Qauche," is of the type No. 3, 
Fig. 102. It oommenoeB at the Boule- 
vard St. Marcel, Jardin des Plantes, 
and terminates at the syphon of the 
Pont de I'Alma, 10 feet above the 
lowest water-level of the Seine. It 
is 6,015 yards, or 3*42 miles, in 
length, with a fall of 18 feet to the 
mile, or about i in 3,000; the total 
fall being 6*17 feet. At the Pont 
St. Michel and Place St Michel 
there is a large vanlted chamber willL a storm-water 
outlet to the lower quay of the river. It is proposed to 
extend this sewer from the Boulevard St. Marcel to the 
fortihcations, to replace La Bi^vre,'^ a stream, the bed 
of which has been made into an ojton drain 11^ feet broad, 
6^ feet deep, to receive both the surface-water and the 
refuse-water from tlie tanneries, the GobeHns, and other 
manufactories. This stream formerly entered the 8eine at 
the south-east side of the Jardin des Plantes, but it is 
now intercepted at the BueGeoffroy St. Hilaire by the main 
intercepting sewer of the south 
side. 

The cleansing of this sewer 
is effected by means of a 
flushing boat. The main 
branch-sewers intercepted by 
it are aU cleansed by flushing 
trucks. 

Hg. .<Q.^=ting Sewer, 
of the north side, Oollecteur F^ris. 

04n6ral de la Bive Droite,'* 

is of the type No. i. Fig. 103. It commences at the 
Boulevard Sebastopol and terminates at Clichy^ opposite 
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Abiiieres. The fall of the sewer varies from i in 798 to 
I in 2,166, or 6 6 feet and about 2 feet per mile. It 
pa8868 under the Boulovard Courcelles at a depth, of 
77 feet^ and under the fortifications at a depth of 33 feet. 

There are sixteen vaulted chambers in the sewers of 
the north side, and five in those of the south side, used 
as places of rendezvous for the workmen, and as store- 
rooms for toolsy boots, &o. Of these chambers, four 
hare direct ouflets on the quays bordering the Seine 
— the Place du Ohfttelet and Pont de TAlma on the north 
side, and Fonts St. Michel and de TAlma on the south 
side. The opening at the Pont de I'Alma, at the head of 
the syphon constructed to pass the sewage of the south 
side to the north side, is more used than the others for 
discharging the deposit from the sewers into barges on 
the river. But, as a rule, and except after extraordinary 
floods, the deposit is entirely removed by the flushing 
boats and trucks. 

Ventilation of the sewers is only effected by the outlets 
in the large chambers on the Seine, and through the gully- 
holes in the sides of the kerbstones of the pavements, the 
openings of which have an area of three square feet, and 
are connected directly with the sewer by a side shaft» 
without any kind of trap. The sewers and gullies are free 
from bad smells; but the streets and gutters are swept and 
well washed with water twice a day. The main sewers 
hear the names of the streets imder which they run, and 
the house-drains the number of the houses which, they 
senre. 

The syphon of the Pont de TAlma, for conyeying the 
sewage of the south side to the nortb side, across the Seine, 

is composed of two wrought-iron tubes 3 J feet in diameter, 
i inch thick. The tubes are each 556^^ feet in length, of 
which the portion between the two masses of masonry at 
the ends is 511^ feet long. It has a minimum head of 
1*7 feet — ^the difference of lerel between the south side 
and the north bide ; but the head can be increased to 7*8 
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feet. An effective system of scoiiring can thus be prac- 
tised. A wooden bail, 33^^ inches in diameteri weighing 
187 pomids, is sent through the tubes onoe a week. As it 
is about 6 inches less in diameter than the tube, it rolls 
along the crown of the tube, and should its course be 
arrested by deposit, an additional scouring takes place 
under the ball, and the sediment or aooumulation is dis- 
lodged and removed. With a head of 1.7 foot, tiie calcu- 
lated time for the passage is 2^^ minutes, the velocity being 
at the rate of 3*60 feet per second. The results of several 
trials showed that the ball took, on the ayerage, &om 2 
to 2i minutes to pass orer. It seldoms happens that much 
dex)06it is brought out ; but on the loth December, 1868, 
after heavy rain, the ball occuped 11 minutes in pass- 
ing, when it brought out large quantities of dung, mud, 
and grayel. On another oooasion, it remained a quarter 
of an hour in the syphon, and brought out sereral 
pieces of hide — coming, probably, from the tanneries 
bordering La Bievre. There is an inclined grating at the 
head of the syphon, which is continually being cleaned. 
The ealculated volume of discharge under a head of 1*7 
feet is 205 gallons per seoond, and it is estimated that 
from 109,000 to 127,000 cubic yards of sewage pass 
through each tube every twenty»£our hours. One tube at a 
time is more than sufBdent to conyey the ayerage sewa^ of 
the south side, but during heavy rains both tubes are used. 
One of the heaviest falls of rain on record at Paris took 
place July 27, 1872, when an average depth of 172 inches 
fell over the dly in the course of an hour. This oaused a 
rise in the lower part of the sewer Sebastopoly at its junction 
with the Biyoli sewer, of 4*1 feet aboye the leyel of the 
''banquettes," or sidewalks; and in the higher part, at 
its junction with the sewer of the Boulevard St. Denis» 
of 6*3 feet. On March 17, 1876, the Seine rose to the 
leyel of 18*8 feet aboye tiie inyert at the outfall of the 
main sewer at Ciichy. The sewage was, therefore, during 
fifteen days backed up into some of the lower parts of 
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the city. The only inoomrameiioe ooosBimed was that a 
considerable quantity of silt and sand had to be removed 
by hand after the waters had subsided, before the channels 
oould be deansed by the flushing trucks and boats. 

With regard to the mechanical means by which the 
deposit in the sewers is remored. Before the introduction 
of the mechanical contrivances now in use, several drains 
were laid at an inclination of i in i,ooo, or 5*28 feet per 
mile. The slope was insufficient for carrying off in sus- 
pension all the solid materials of the draiimge. deanmng, 
then, where attended to, was done by hand labour, assisted 
by flushing. Kakes or scrapers of wood, cut to the con- 
tour of the invert, were worked backwards and forwards, 
until all the mud had been drawn to a point under one of 
the working shafts^ through which it was lifted. This 
operation was chiefly oonflned to the smaller class of drains. 
In the larger drains the brush and rake were used, assisted 
by a shutter turning on a horizontal pivot or spindle on the 
upper edge, and lying across the drain. This shutter 
being retained in a yertical position by the back pressure 
of the water, acted as a dam, and on a sufficient head 
being obtained it was opened, and the rush of the water 
carried all before it. 

For the larger drains a cleansing boat is now used, fur- 
nished with a large scraper at its bow«end. The scraper 
nearly fills the section of the waterway, and is capable of 
motion in a vertical arc. It can therefore be lowered till 
it touches the invert. It is lowered by crab-gearing till 
its head dips into the mud. It then forms a dam, behind 
which the water gradually rises, and fonns a motiTe-power 
by which the boat is pushed forward, canying the mud 
with it. Some of the smaller drains are cleaned by means 
of a small truck, which is used with an apparatus like that 
of the boat. 

The tnmtniiwi and the ipiniTnniw temperatures of the 
sewage-water, in 1876, with those d the xirer Seine aad 
the atmosphere, were as foUowa:— 
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Haximniii. Ifinimtxm. 

Sewage . • . 7^ :)° 3^*5" ^« 

Seine • • • • 77*0 330 

Atmoephere . 15*8 

For flushing and cleansing the sewers of Paris^ a sum 
of £38,000 is allowed yearly for wages, tools, boatSy and 
working expenses. Indnding general charges and cost 

for repairs, the total amoimt is £44,000. 

The total cost of the main drainage of Paris is estimated 
by Mr* Target at about £4,000,000, for an area of about 
30 square miles, in which there are 355 miles of main and 
branch sewers, and 123 miles of branch drains for gullies, 
access culverts, and subwQjs cQunecting the basement of 
the houses to the drains. 

The greater part of the eiioremental matter is drained 
into oesspools not oonneoted with the sewers, and it is 
pumped thence into cylindrical iron carts. These, when 
filled, are hermetically sealed and conveyed to the several 
depots. The more modem system is that of the movable 
receptacles {opparHh Mnimrt or iinMe jSHtm), sheet-iron 
cylinders for separating the fluid from the solid portion of 
the excreta. The fluid is either discharged into cesspools, 
or is sent into the sewers. 

There were in 1878 about 70,000 houses in Paris, of 
which only 63,000 were registered as having some de- 
scription of night-soil service, Xb©s© comprise four sys- 
te^ns I— 

irt. Watertight ceaspools bnllt in mswnixy t 86^000 
2nd. Movable reoeptades or wooden biiieia . 17450 
3id. Movable receptacles in which the liquid 

portion only filters into the cesspools . , 10,77^ 
4th. Movable receptacles in \vhich the lipoid 
portion only filters into the sewers • • 10,000 

It4,920 

The sewage of Paris is partially utilised in irrigating 
the plain of Oennevilliers, where there are about 15^^ miles 

of sewage carriers. The following comparative statement 
of the produce per acre on irrigated land, and land not 

p2 
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irrigated, gires a good idea of the value of sewage irriga- 
tion CD 0iich pooir BoilB as tlioee of Gemievilliers. 





Irriguted land. 


Lcmd not Irrigated. 


Wheat 


30 to 55 bushels \ 
122 to 210 cwt. / 
492 to 923 cwt. ) 
1,023 cwt. / 
892 cwt. 
687 to 797 ewt. 


38J to 65 cwt 

84 to 131 cwt 

369 cwt. 
455 bosheb. 



IX. — Tfis Main Dbaxhtaoe of thb Wansu Yallet* — 

Sbwaob Ibbioatiov. 

The Wandle Valley Main Draiuage works, constructed 
for the Grojdon Bund Sanitary Authority, to the designs of 
Vt. Baldwin Latham, embraces the construction of about 
55 miles of main sewers, with outfall works, for the collec- 
tion aud disposal for filtration of the sewage of the parishes 
of Mitcham, Beddingtan, Merton, Morden, Wallington, 
and the spedal drainage district of Merton Bush, Surr^* 
The system applies to an area of 10,106 acres, with 17,000 
population. About one-fourth of the area is within the 
watershed of the Beverley Brook, and the remainder ia 
that ol the riyer Wandle. 

The outfall works are situated in the Talley of the 
Beverley Brook. Previous to the construction of the 
works, the sewage passed directly to the Wandle and the 
Beverley Brook. The contract for the works was let iii 
1878, and comprised the construction of 36 miles of main 
sewers, the outfall works, pumping-station, sereening^ 
tanks, sludge presses, an iron bridge over the Wandle, two 
cottages, and the preparation of a filtration area of 28 acrea 
in extent. In the course of the work of eonstmotioii, new 
roads were construoted, and ultimately the length of sewen 
construoted reached to nearly 55 miles, of which 4 miici 
were con^itr acted in tunnel 
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Thaschemeoaiiiedoiit isMQiitialljoiie of separation of 
the sewage proper from flie xainfaU; the lainlall from fhe 
streets and roofs of houses being, as far as practicable, 

diverted into the old sewers, drains, and watercourses. 
As much of the sewage as possjible is brought to the land 
by direct gra^tatioiu The sewers are, irith a few exoep- 
tionsy oonstmcted in straight lines between manholes, or 
lampholes ; and a manhole is eonstraeted at each jnnodon 
of branches with main sewers, the sewers being inclined 
to give a minimum Yelodty of 2^ feet per second where 
small, and 2 feet per second where large. The sewers may 
be flushed from every dead end, and flushing-wells are 
constructed at various points, when the subsoil contains 
sufficient water. The wells are near a manhole, and are 
each provided with a sluice- valve, on opening which the 
contents of the well are discharged into the sewer. The 
manhcdes are constructed with gault bricks formed to the 
radius. The outlet &om each manhole is provided with 
a stoneware flushing-block. The inlets are provided with 
a balance- valve, in order to prevent sewer- gas from pass- 
ing to the higher parts of the district. Junctions of 
branch sewers with die main sewer, when the latter is at a 
much greater depth than the former, are made on an 
incline of 30^, as in Fig. 104, flowing into a bend at the 
bottom, which forms a trap. The object of this disposition 
is to obviate the disengagement of foul air from sewage 
which takes place when it is allowed to drop vertically. 
For the purpose of inspection, the sewer is also carried 
into the manhole at its proper gradient, as shown in the 
figure. 

The greater part of the sewers are constructed of stone- 
ware pipes, of from 9 inches to 18 inches in diameter, of 
the kind known as London made." Junctions for house* 
drains are inserted at intervals averaging 50 feet The 

sewers were treated in various ways externally, to prevent 
the leakage into them of subsoil water. As a rule, they 
were jointed with tarred gasket and Portland cement In 
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. moderatolj wet ground^ paddled day iraa worked axonnd 
on the outside of the oement fillet Tjbl grayel oontaming 
laarge Tolmnee of water, the pipes were protected with 

6 inches of Portland-cement concrete, made of i part of 
cement to 6 parts of ballast. Pipes laid at depths exceed- 
ing i6 feet were likewise treatedy to pre7eat their being 
emahed by the Buperineombent earth. Lengths of sewers 

1 5 inches and upwards in digimeter were constructed of 
rock-concrete tube, which compares f avourablj in strength 




Fig. 104. — J unction of Branch and Main Sewers at different levels. 

and ease of laying with stoneware pipes. The observed 
rate of leakage^ in the ease of sewers laid in wet ground, 
was X cubic foot of water per mile per minute. Sewers 

24 inches and 27 inches in diameter are constructed with 
one ring of brickwork, a collar joint of cement mortar, 
and 6 inches of cement. jPour-feet sewers are of two 
rings of brickwork, with a cement coQax^joint between the 

rings. 

The 15-inch outfall at Wallingtou wa« constructed with 
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iron pipes, as stonewafe pipes were found impracticable 
in the heaT^diecdiarge of wator which took plaoe. A mile 
of sewer was thus oonstmotod. At orossings of the Waadle 

and tlie railways, iron pipes were substituted for earthen- 
ware, and brickwork sewers were strengthened by an 
additional zing of bxiokwork. There are ao miles of 9-inch 
pipe sewers. 

In the lower parts of the district, stonn«water orerAows 

are provided for the relief of the outfall sewers in cases of 
accident, and also for use during periods of heavy rain- 
falL A storm- water cidvert for the relief of the Gaveney 
10 350 yards in length, 8 feet wide, 5 feet high, with a 
segmental aroh and invert. 

The gravitation outfall is 27 inches in diameter, with a 
fall of I in 1,200, or 4*4 feet per mile. The low-level out- 
faU is 18 inches in diameter, with a fall of s in 900, or 
5*87 feet per mile. It ends in a taak-sewer/' 4 feet in 
diameter, with a fall of x in 1,000, or 5*28 feet in a mile. 
The contents are discharged at the pumping station. The 
sewage from the low level is pumped up into the gravita- 
tion outfall, and the whole then flows through the deposit- 
ing tanks. 

The sewage is lifted an average height of 20 feet into 
two tanks by a pair of horizontal rotative condensing 
pumping steam engines, constructed by Messrs. Hathom, 
Dayey & Co., haying i2-indh cylinders, with a stroke of 
20 inches, with ezpansion-yalyes. The pomps, designed 
by Mr. Latham, have each a piston and a plnnger, 
22\ inches and 16 inches in diameter, with a stroke of 
20 inches, making 20 turns per minute. The engines also 
work the lime-mizer and the agitator for mixing the lime 
with the sludge. 

In the depositing tanks the sewage is deprived of float- 
ing matter by means of planks on edge, and the deposition 
of suspended solids is aided by the cross walls, over and 
under which the sewage passes before it is finally filtered 
through a bed of coke, 4 feet thick, whence it passes to the 



Digitized by Google 



S20 



DRAINAGE OF TOWNS. 



filtration area for final purification. The deposited aliidge 
is swept into the slndge-pit on opeiiing ihe penstocks. In 

the mixing-well the milk of lime is added to and mixed 
with the sludge ; thence it is passed through the filter- 
presses under compressed-air pressure, when the fiuid is 
separated fran thesdid, the latter being formed into cakes 
in the press. Thirt} -fonr cnbio yards of raw sludge are 
yielded by the tank per week. The lime added is 4 cubic 
yards, or 20 cubic yards as milk of lime, making in all 
54 cubic yards <rf treated sludge weekly, which is reduced 
by pressing to 12 cubic yards of cake, containing 50 per 
cent, of moisture. The usual air-pressure employed is 
40 lbs. per square inch. 

Eor the final purification of the sewage, an area of about 
40 acres of land and water was purchased. It is divided 
into two portions, 29-6 acres and 9 acres, by the Wandle. 
The first portion lias been laid out for the purposes of 
sewage disposal, 28 acres being available for sewage pur- 
poses. The subsoil consists of marsh day, gravel, sand, 
and alluvium. It overlies the London day, and is in 
places 1 7 feet in thickness. It is surrounded by a day- 
puddle wall or dam, as it lies low. The wall is 2 feet 
thick, and is taken down to and a foot below the 
surface of the London day. The filtration-area is about 
1,000 yards in length and 140 yards in breadth. A 
road was made through the whole length of the 
area, down the centre. The main drain, 2 feet in dia- 
meter, is constructed under the road. There is also a 
drain inside of the puddle wall, paralld with the main 
drain, and distant 70 yards from it, and connected to the 
main drain at intervals of 400 feet, thus dividing the fil- 
tration into separate sections of about 400 feet by 210 feet. 
The average depth of the drains is 6 feet, defining 
27 1,040 cubic yazds of filtering materisl endosed within 
the puddle-wall, or 15*94 cubic yards of filter per head of 
the population. Near the works some good houses are 
situated, and, to prevent unpleasantness to the ocoupantsi 
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an area of 2 acres of the land adjoining the works is laid 
out speciedly. The sewage is applied below the surface by 
means of 9-ineh perforated pipes, 16^^ feet apart, leading 
out from the main carriers. The space between the pipes 
is filled in with a bed of screened gravel, in order that the 
sewage may be evenly distributed over the entire surface 
of the natural filter below. The bed of gravel is covered 
with soil x8 inches in thickness, on which all kinds .of 
vegetables are grown. The remainder of the filtration 
area is, in consequence of the large volumes of sewage 
dealt with, wholly devoted to the cultivation of rye grass, 
for which there is a good demand, the crops realising about 
£30 per acre per year. The greater part of it— 21 acres of 
the filtration area — ^was merely under-drained and carefully 
levelled. The drains Tary from 9 10 feet to 16 feet apart, 
according to the requirements of the different soils. 

The main carriers for the distribution of the sewage 
nearly surround the filtration-area. That on the western 
side is of concrete, and that on the eastern side is of 
18-inch stoneware pipes. There are outlets from each 
carrier at intervals of 33 feet, the sewage flowing into 
subsidiary earth-carriers, whence it is distributed over the 
surface of the land. The outlets are proTided with regu- 
lating shutters of wood, working in stoneware blocks with 
ground faces. An artesian well for general service was 
sunk to a depth of 230 feet; 6 inches in diameter, lined 
with cast-iron pipes to a depth of 200 feet. The details of 
the strata passed through are as follows 



The total cost of the works, with the land, was £1 83,000. 
The following are extracts from the schedule of prices : — 

Js^Qmoitim. — Excavation for sewers 5 feet 8 inches outside 



feet. 



Alluvium .... 
London clay 

WoolwidL and Beading Ms 



Thanet lands 
Into the chalk 
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diameter, including timbering and pumping, trench taken 
M if 6 feet in width. 



depth- 
feet. 

22 

n 



Piioe per 

2 2 
2 2| 

s 3i 



Beflllinpr and 
Funning per 

d. 

3* 



ff 



Trench as abore, 4 feet wide. 



Average 
depUi. 



i 

9 
to 

II 

IS 

15 
16 

12 

19 



Price per 
eobiozA'd 

I' 

i» 

10 
II 

"i 
o 



s 



BefflHlkgand 

Punning- per 

d. 
3i 



ft 



ft 

M 

n 



Tmch aa above, 3 leet wide, for pipe aewera. 



deptfi* 
feet. 

3 

4 

5 
6 

7 

8 

9 
10 

II 

IS 

li 

17 



Price per 
onbio^ard* 



a 



7 

7i 
8 

10 
10} 

II 
O 



Beffllingaad 
Punning per 
liieyiid. 
d. 



>» 
f* 
ff 
ff 
ff 
ff 
ff 

If 
ff 
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Iiioreasiiig ^ per eabio yard lor erefj foot in depth dowa 
to 33 feet. 

Surplus Earth. — lojd, per cubic yard. Contractor found 
all shoots. 

Makkig food Surftteo of £oad$. — j^d. per oubic yard. 

SewerMf hM a$ tU$crtM. — 9 in., as. gd. ; 10 in., 

38. 5d. ; 12 in., 4s. o^d. ; 15 in., 78. lid. ; 18 in., 9s. 4d« 
per lineal yard. 

£ •. d. 

Average cost of manholes . . . 19 12 O 
Bo. of combined witiUloit and lamp- 
holes 6 15 o 

piuahing wella 32 12 o 

Storm overflows . . . 15 6 O 

Kngine house, pumping and other ma- 
chinery, HewH<r(> tank hollers, chim- 
ney ahait, two cutLaguii, aiid iencmg 8,100 O O 



n 
n 



FiUratim Warit* 



8nh-irrigation plots, complete • • 
Ai-fcifiAii^i filters, oomplete . . 

Cost of natural filters : — 
Proportion of puddle wall (9e. 3d. 

per liiu alyard) . 
Do. roads ... 
Do. drains , . • 
Do. carriers (permanent) 
Bo. loTdling • 



£ 

622 

750 



40 
30 



O 

o 



8 
o 
6 
o 
o 



Area of dirtriet drained hy graidtatlon aewera 

ft 

Population dxaining into gwvitation aewen 
ft n pnmped „ 



o per acreb 
o „ 



o per acre. 

o 
o 
o 
o 



»t 



£291 14 O 



8,226 
1,880 
15,500 



X. — The Dbainagb of Abinodok. — Sswaqe I&bigation. 

The sewage works of Abingdon were designed hy Mr. 

Bailey-Denton for a prospective population of 10,000 per- 
sons. The dry-weather sewage was estimated at 25 gallons 
per day per head, or a total of 250,000 gallons per day. He 
advised the acquisition ol 20 aeres of land on the banks of 
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tlio Thames, about three-quarters of a mile below Abing- 
don, for the purificatioa of the sewage by intermittent down- 
ward filtrationi oombuied with wide inigatiaii. The drain- 
age area comprised within tiie boondary of the borough is 
about 287 acres, of which 200 acres may be taken as tribu- 
tary to the sewerage system. The surface of the ground is 
slightly undulatory, rising gradually from the riyer Thames 
on the east, and from the river Ook im the south. The 
soil is sand and grayel, with occasional beds of day. The 
local levels above Ordnance datum are as follows 

Feet 

Ordinary summer level of the Thames • • 162 

Ditto, in floods 167 

Kiver Ock, kept up for working milU, to . , 168 

Higher peits of Abingdon 200 

Lower |Mrto of Abingdon 168 1(> I7S 

Land for purification 165 to 168 

The sewers in Abingdon, when Mr. Denton nmde his 
report in 1^74, were inadequate. Those then in nse con- 
silked, for the most part, of culyerts 18 inches or 34 inchee 
in diameter and 4^^ inches thick ; while, in one street, a 
watercourse was arched over and used as a sewer. What 
was wanting in sewers was made up by cesspools* 

The whole of the sewage was carried to a pumping sta- 
tion, and there lifted to the height necessary for the com- 
mand of the entire surface of the land selected. 

The following is a summary of the principles adhered to 
in designing the sewerage system : — Surface-water was ex<* 
duded from the new sewers as far as possible, retaining 
the existing sewers for surface drainage, except the rain- 
fall on back roofs and yards, which was admitted into 
the new sewers. The level of the subsoil water in Ock 
Street and the low neighbourhood was reduced as much as 
possible by laying open drains beneath the sewers, or in 
other places, so as to render the foundations and cellars of 
buildings dry and healthy. Storage capacity was provided 
to hold the night-dow of sewage. The storage-reservoir 
was placed outside the inhabited district, with^ proviaioint 
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by air-shaft and oheGk-yalyes, to preveat 86W«r-ga8 from 
being driven upwaxds towards tike town» ^meaiBa of one 
or more storm-overflows, the sewage was not allowed to 

head back above a given height in the outfall sewer, which 
it must otherwise have done on occasions of heavy rains, 
floods, or accident to the engines. All the sewers were made 
water-tight, so as to prevent the ingress of subsoil-wateri 
which would in some parts of the town have greatly increased 
the quantity,of diluted sewage to be pumped. All the pipe- 
sewers were* laid in straight lines, and at each change of 
direction or inclination, and sometimes at intermediate 
jKiints, air-shafts were oonstnicted, so as to ventilate and 
provide for the inspection of the entire sewage system. 
The town being without a public water-supply, provision 
was temporarily made for flushing the sewers by inlets 
from the Thames, the Ook, and other streams. As the 
work proceeded private oonnectioDs were made with the 
new sewers by the contractors, and old connections cat off. 
All cesspools were filled uj) when the works were sufficiently 
advanced to receive the sewage and to discharge it upon 
the land. The engine-power is in duplicate, and each 
engine is capable of lifting 50 per cent* more than the 
sewage when tmdilnted with surface water. 

The portion of the outfall sewer which acts as a reservoir 
is 2)h f^^t in diameter and 500 yards in length. It has a 
capacity, with that of the pump-well chamber, of 100,000 
gallons, being over one-third of the prospective dry-weather 
sewage. The main sewer from the reservoir to the town 
is 18 inches in diameter. It is capable of discharging 
2,000,000 gallons in twenty-four hours, or eight times the 
estimated dry-weather £ow. The secondary sewers are 
nearly in proportion to the outfall sewerj consisting of 
15-inch, 1 9-inch, and 9-inch pipes. 

The level of the invert of the sewer at the punipinf^ 
station is 154*3 feet above Ordnance datum, or about 8 feet 
below the ordinary simuner level of the Thames. From the 
pmnping sfcation, the sewer rises with a gradient of i in 880, 
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erdfeetpermfleyfoirilielengdLQftlLeraeirvoir. Thenoeiho 
iS-ineh eewer is laid on gradients of i in 754 and i in 5 28, 

or 7 feet, and 10 feet per mile. A storm overflow is placed at 
thepampiiig station, at a level of 162 '5 feet above Ordoanoe 
datuiny or 6 inchea above the ordinazy lerel ol the xiver. 

The ontbllaewer. Fig. 105, is eonatruoted with two xings 
of brickwork surrounded with at least 6 inches of concrete. 

The concrete was made in the 
proportion of six parts of gravel 
and aand to one part of cement. 
Aiingof oement is laid between 

the brickwork and the concrete, 
and another between the two 
rings of brickwork, to render 
the work watertight. The ce- 
ment was mixed with an equal 
portion of clean sand. Six 
inclies beneath the sewer, a 
9-indi drain consisting of socket 
Fig. 105 — Feet Barrel pipeSi was laid, commnnicating 

with a sump from which tiie 
subsoil water was continuously pumped during the con- 
struction of the works, at the rate occasionally of 600 gal 
Ions per minute. The lower half of the sewer is for the 
most part in olayy above which there are free sand and 
gravel, charged with water nearly up to the level ol tiie 
ground. The trench excavated lor the sewer nowhere 
exceeded 14 feet in depth. 

The 18-inch sewer consists of glazed socket pipes, jointed 
and caulked with tarred hemp, and afterwards filled round 
with Portland cement mixed in equal parts with fine dean 
sand. As tliis portion of the sewer is below water-level, 
the pipes were surrounded with about 6 inches of concrete, 
and with day-puddle where the sewer passes through 
day. At its junction wifli the reservoir, the x8-indi sewer 
is provided with a flap-valve, for the purpose of preventing 
sewer-gas from passing iiiwardb to the town. 
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At the Lower Ock, a second sump was establiskedmoon- 
neotion with the sabecMl drain, ezhansted by a (Mocmd 
engine. By a jimotien of this drain with the Lower Odk, 
the drainage of tliu low-ljing portion of the borough has 
been considerably improved, as it thus obtains an outlet 
5 feet or 6 feet lower than formerly, when it was main- 
tained at ihe level of the millhead. 

The oonstmcfcion of the sewers in the lower part of the town 
was gpreatly facilitated by the lowering of the subsoil water. 

The manholes, Figs. 106, 107, are circular, tapering up- 
wards. The lower part is generally of concretOi the upper 
partof briokwork. l^ey are fitted with cast-iron oovero and 
dirt-bozesy with openings lor yentilation. Every second or 
third manhole is provided with a flushing board fitting into 
a g^ove, or with a flap-valve. 

The flushing inlets consist of 6-inch pipes laid from any 
conveniently situated manhole to the river, or other source 
of water supply. Any portion of a sewer above a manhole 
can be fitted so as to serve as a tank to flush the length 
below. Manholes capable of holding several hundred 
gallons serve to flush the smaller sewers. 

The work of construction was commenced in May, 1376, 
and completed in the course of eighteen months, for the 
sum of £8,750. The work to be done in pumping was 
fixed at the raising of 400 gallons per minute, 20 feet high. 
There are two engines, each capable of doing this duty, 
their aggregate power being equal to half the maximum 
quantity that liie sewers are calculated to deliver in twenty- 
four hours. They are condensing engines, with double- 
acting sewage-pumps fixed horizontally in line with the 
cylinders, all on one bed-plate. The contract price was 
£826 8s. 9d. The cost of the buildings, with sewage screens, 
well, weighing machine, fencing, yard» &c., amounted to 
£1,674 ; making, for the engines and pumping station to- 
gether, £2,500. The coal consumed by the engines is 
about one ton per week. The total annual cost for pump- 
ing was^ for the first two years, under £150. 
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Figs. io6. — Manliole in 3j-feet Barrel Sewer* 



The ooBt of the land^ induding all ezpensee, was in roimd 
numbers^ £7,500; the oost of laying out was £9,500; 
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making together £10,000. The total cost of the land, 
sewage worka, engineer's charges^ &c., amounted to 
£23 coo. 




Figs. loy.^MaiilioIe with is-inch Fliuliirig Apparatus. 



In the autumn of 1857, the sewage was first pumped on 
the land. From that tbne, the Thames has been practi- 
cally free from pollution Abingdon suwage. That is to 



Digitized by 



330 



DRAINAGE OF TOWNS. 



BBjf the land first reoeiveB it, and^ after paflaing flmmg^ 
the soil, the effluent water, freed from pc^nting and oon- 

taminatiug matter, flows into the river. Samples of the 
effluent water were found, on being analysed, to be less 
contaminated than the water from some of the wells in uae 
in the town. The fam, with homestead^ has been let to a 




Figs. io8.— Top of Manhole for Public Boads and Streets. 



tenant at £4 los. per acre per year, the sewage being 
pnmped by the Ck>rporation. The pumping engines are 
managed by one man. At timee one engine, at others 
both, are kept working for seven or eight hours per day, 
till the reserroir is empty. But the reservoir can be 
emptied in the course of five hours by one engine worked 
at full speed. The reservoir has proyed, with few excep- 
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tions, of 8ii£Baieiit eapadly to hold all the sewage that 
collects during the period of oeesataon from pumping. 

The sewers in the town — the 15-inch, 12 -inch, and 9- 
inch pipes — are kept in efficient working order by iiuahings 
once or twice a week. The flow of eewage is seldom suffi- 
cient to fill the sewers one-halt or eren one-quarter full. 





Figs. 109. — Lampbole. 



and the velocity of the current is consequently very 
moderate, and floating substances become stranded in the 
sewer. But flushing is the more easily effected, as road 
detritus is not carried into the sewers. 

The sewers are ventilated by numerous shafts — ^man- 
holes, Eigs. 108, ox lamphoies, ^igs. 109 — 50 or 60 yards 
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aparfcy which maintain a ocmstant intezchange of fonlsewer 
air generated within for the freeh air from without. 

The area of land laid out for intermittent filtration was 
t\ acres, and for wide irrigation 17^ acrefi. The first is 
laid out on an almost dead lerel in zidges and fuxrows, 
and is of special use at times when the tenant does not 
require to use the sewage for his own purposes on other 
parts of the farm. For wide irrigation, the land is only 
turned up with the plough after having been roughly 
lerelled; but, inthefiltration-areasy the work is done partly 
with the plough and is finished with the spade. From 
the pumping station, there are delivery-conduits on to the 
land, consistingy for the first portion, of 15 -inch pipes, and 
further on of is-inch pipes. They are laid underground, 
and are connected together with chambers for the distri- 
bution of the sewage. The cost of the preparation of the 
land for wide irrigation was £70 per acre, and for inter- 
mittent filtration £85 per acre. 

XI. — Sewagb Works at Abergavenhy — Sewagb 

iBKIOATIOir. 

The town of Abergavenny, on the north bank of the 
river Usk, containing 6,940 inhabitants, was some time 
since sewered on the comUned system, the sewage being 
treated by filtration through charcoal The treatment did 
not give satisfaction, and under the advice of Messrs. 
Dudley and De Salis, 5 miles of stoneware pipes were laid 
in 1882, varying in size from 9 inches to 18 inches in 
diameter, as intercepting sewers. A field also, on the 
south side of the river, 11 acres in extent, was prepared 
for the treatment of the sewage by land filtration. The 
whole of the sewage of the town is conveyed to the filtra- 
tion-area by gravitation. Manholes and lampholes are 
placed where required, eyery manhole being fitted with 
a flushing yalve. The outfall sewer — a 21-inch pipe— is 
laid boiow ground to the river Usk, over which it is carried 
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by an iron bowstring foot-bridge, erected for the purpose, 
having a clear span of 130 feet 10 inches. The piping on 
the bridge is of cast-iron, having turned and bored joints. 
A plank footpath is constructed above the sewer, and the 
weight of the bridge and pipes together is 25 tons. From 




Fig. 110.— Filtration Area, Abergavenny. 



the bridge the sewer is carried over the low-lying land on 
the south side of the river on brick arches and an embank- 
ment to the filtration-area. This area. Fig. 110, is en- 
closed by puddle-banks, and is laid out in six level 
beds divided by puddle -banks. By means of sluices the 
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BQwage can be ponded back in oonorete oaniera. Fig in, 

liaviug level oyerflow lips, and thus each bed can be 

evenly flooded. The beds are each about 
y^^1^^^^^Jf7^ \\ aoTes in area, and each bed containa 
\:tsrMu^A'xi'd^ lOyOoo oubio yaxda of effectaye filtering 

material—sandy loam. 

r ^ozeteG^ier -^^^ dry- weather flow of sewage is 

230,000 gallons daily, or 33 gallons per 
head of the population. A good deal of surface-water, as 
well as subsofl water, is adbnitted to the sewers through 
the old system of sewers; and the wet- weather flow is 
heavy, amounting, at times, to one million of gallons daily. 
The sewage is applied to the iiiter-beds in rotation, and 
th^ hare to deanse from 23 to f 00 gallons of sewage pmp * 
cubic yard, once in six days. The beds axe cropped with 
rye grass, which yields a small return. 

The system has now been in operation for three years, 
and the filters, it is stated, have worked * satisfactorily, 
producing at all times a clear and inodorous effluent. 
During the summer of 1855, four beds only were in con- 
stant use ; and the following is a comparative analysis by 
Mr. J. W. Gatehouse, in grains per gaUon, of the crude 
sewage and the efflueat water. 





Solids in 
SmptDfliim. 


Solids in 
Sohitioii. 

47-14 
30*63 


Oxygen 
required to 






31-60 
000 


a 00 
0514 


2.43 
0314 



The abstraction, here shown, of all solids In suspension 
proves efficient filtration; and the great diminutioii \fi the 
ammonia and in the oxygen consumed in oxidising the 

effluent points to a liigh degree of puriEcation, 
The cost of the works was £1 0,000. 
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XIL — ^Ihb Sswsbaob of Abblaidb, South Australia. — 

SXWAOB iBBXaATIOK. 

Adelaide and its suburbs included in the drainage 
scheme contained 65,000 inhabitantB, in 1882, over an area 
of 4yOOO acres. The drainage has been designed to meet 
the wants of a rapidly increasing population. The con- 
sumption of water varies from 15 gallons per head in 
winter to 70 gallons in hot weather. 

The sewerage of Adelaide was designed and constructed 
under the supervision of Mr* Oswald Brown. The scheme 
was framed on the as- 
sumption of the gene- 
ral use of water-closetSy 
and the discharge of 
excreta into the sewer, 
together with the 
greater part of the 
water supplied by the 
waterworkSy after it 
has been fouled by 
use; also the rainfall 
on roofs, paved yards, 
and courts. The gene- 
ral surface-drainage of 
the district and of aU 
roads and streets is 
carried ofi by a sepa- 
rate system of draina 

The larger sewers, 
Figs. 112, 113, are of 
the usual oval and 
other sections, and are Fig. 112. — Seweis of Cement Concrete, 
constructed enturely of 

cement-concrete. The smaller sewers are glazed stoneware 

socket-pipes, mostly imported from England. All joints 
were made with Portlaud cement, and, where necessary, the 
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pipes were surrounded with cement- concrete or puddled. 
Yentilating-ahaftB over the sewers are loo feet apart, pxo- 

videdy in wide Btxeets, with 
cast-iron removable grat- 
ings, beneath which is an 
iron basket to catch stones 
and other matter. In nar- 
row streetBi the yentilaAon 
are carried up by 6-inGh 
pipes above the housetops. 
Manholes, of 9-inch bxick, 
are placed over oval sewers 
600 feet apart. On pipe- 
sewers the manholes are en- 
tirely of cement-concrete, 
4^ feet in diameter at the 
bottom, tapering upwards, 
cast in portions round a 
collapsable iron frame, after- 
wards withdrawn. These 
manholes are at all intersections of streets, and at eveiy 
change of direotioni straight lines only being allowed 
between manholes. 




I i3.^86W8r of Oemsnt 
Concrete. 




1 i 



Fig. 114.— AUin OotlUL 

Ihe whole of the sewage is delivered on a sewage-fam 
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about three miles from ike town. The main outfall, Fig. 114, 

is peculiar in form. Tho invert haa Leon kopt as liigli asi 
possible in order that the sewage might be delivered above 
the surface of the ground, to facilitate the distribution; 
and the sewer for a considerable distance stands partly above 
the ground leyel, covered by a bank of earth. For tilie dis- 
posal of the sewage, au area of 400 acres of laud is euclosed, 
the ground being a light loam overlying a sandy subsoil. 
Fifty acres have been underdrained to a depth of 6 feet 
for tiie purpose of intermittent downward filtration, in order 
to avoid the necessity, during rain, of flooding the crops 
grown upon that portion of the farm worked by broad 
irrigation. The maximum dow of sewage is calculated at 
3,700 cubic feeti or 23,000 gallons per minute. A main 
dr^Eun of this capacity below the filter has an outfall to the 
sea. It is constructed of cement-concrete with a half-brick 
arch. The minor drains are of perforated stoneware-pipes. • 
The surface of the filter-bed is laid out in ridges and 
furrows, and is divided into sis areas, each of which 
receives its regular dose of sewage in rotation.. According 
to accounts received after sixteen months' experience of 
the farm, the results were very encouraging, the produce 
being disposed of at satisfactory prices. There were fifty 
oows on the jfounoi, their milk and butter finding a ready 
sale. 

Every house-drain, Fig. 115, is thoroughly self -ventilated. 
The connections, so far as they are situated beneath the 
public streets, are constructed by and at the cost of the 
Hydraulic Engineer's Department of the Ministry of Public 
Works, which also provides and fixes on each house-drain 
near the boundary of the premises a discomiocter-trap." 
By this trap, the passage of gas from the sewer to the 
house-drain is prevented ; at the same time air is admitted 
to the drain. At the upper end of every house-drain, and 
of every branch thereof, a ventilating-pipe is fixed, and is 
carried up a suitable height — above tlie adjacent buildings, 
as in rig. 115. Soil-pipes, also, are re<^uired to be fixed on 

Q 
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the outside of the hooBe-wall, and carried up oi nndi- 
minished diameter above the rooi for ventilatioii. It 19 




further required that the traps of iadoor closets are to be 
fitted with a 2 -in ch ventilating-pipe branching into the soil- 
pipe above the highest inlet into it^ where the pipe is free 
lor Toatilation. Ixon pipes are largely used lor hoiue- 
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drains, and are much liked for the facility with which they 
can be laid. They are oast in yarious lengths up to 9 feet, 
and are -A- in<^ thiek for 4*inoh pipes, and \ inoh for 
6-ineh pipes, with socket-joints caulked with lead. They 
are coated with Dr. Angus Smith's composition. 

Xhe estimated cost of the whole scheme was £300,000, 
or £2 per head of the assumed population. The following 
were &e prices of labour and materials: — 

Labourers' wages, perdsy of 8 homs . 6b. 6d. to 8i. 

Masons* n m • • los. 6d. to I2f. 

Portland cement, per oaak • • • • 17^- 

Bricks, per thousand ..... 608. 

Broken metal for concrete, per cubic yaid . loa. 

Coment concrete, per cubic yard . • • }5i. 

Bnokwoik m omiait. per ciwlc 7«d • • fis. 



q2 
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MODEL BYE-LAWS ISSUED BY THE LOCAL 
GOVEENMENT BOAED FOE THE USE OF 
SANITABY AUTH0BITIE8. 

EXTEACT mOU SECTION IV. " NEW SXEEETS AND 

BUILDINGS." 



With respect to the Drainage of Buildingi. 

60. Every person wlio shall erect a new building shall cause 
the subsoil of the site of such building to be effectually drained 
by means of suitable eaithenwaro Held pipes, properly laid 
to a suitable outfall, whenever the dampness of the site renders 
such a precaution necessary. 

He shall not lay any such pipe in such a manner or in such 
a position as to communicate directly with any sewer or cess- 
pool, or with any drain constructed or adapted to be used for 
conveying sewage, but shall provide a suitable trap, with a 
ventilating opening, at a point in the line of the subsoil drain 
as near as may be practicable to such trap. 

61. Every person who shall erect a new building shall oon- 
struct the lowest storey of sooh building at such level as will 
allow of the construction of a drain aufBlcient for the e£Pectual 
drainage of suoh building, and of the provision of the requisite 
communication with any sewer into which such drain may 
lawfiilly empty, at a point in the upper half diameter of suoh 
aewer, or with any other means of drainage with whioh such 
drain may lawfiilly communicate. 

62. Every person who shall erect a new building shall, in 
the construction of every drain of such building, other than a 
drain oonstruoted m pursuance of the bye-law in that behalf 
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for the drainage of the mibsoil of the die of smoh bmlding, use 
good sound pipes formed of glazed stoneware, or of other equally 

suitable material. 

He shall cause every such druin to bo of adequate sizo, and, if 
constructed or adapted to be used for conveying sewage, to have 
an internal diameter not less than four inchea^ and to be laid in 
a bed of good concrete, with a proper fall, and with water- 
tight, socketed, or other suitable joints. 

He shall not construct any sucli drain so as to pass under any 
building, except in any ca^e whore any other mode of construc- 
tion may be impracticable, and in that case he shall cause such 
diain to be so laid in the ground that there shall be a distance 
equal at the least to the full diameter thereof between the top 
of each drain at its highest point and the soifaoe of the ground 
under such building. 

He shall also cause suoh drain to be laid in a direct line for 
the whole distance beneath such building* and to be completely 
embedded in and covered with good and solid ooncretey at least 
MSB inckei thick, all round. 

He shall likewise cause adequate means of ventilation to be 
provided in connection with such drain at each end of such por- 
tion thereof as is beneath such building. 

He shall cause every inlet to any drain, not being an inlet 
provided in pursuance of the bye-law in that behalf as an open- 
ing for the ventilation of such drain, to be properly trapped. 

63. Every person who shall erect a new building shall pro- 
vide, within the curtilage thereof, in every main drain or other 
drain of such building which may directly communicate with 
any sewer or other means of drainage into which such drain 
may lawfully empty, a suitable trap at a point as distant as 
may be practicable from such building and as near as may be 
practicable to the point at which suoh drain may be connected 
with such sewer or other means of drainage. 

64. A person who shall erect a new building shall not con* 
struct the several drains of such building in such a manner as 
to form in suoh drains any right-angled junction, either verti- 
cal or horizontal. He shall cause every branch drain or tribu- 
tary drain to join another drain obliquely in the direction of 
the flow of audi drain. 

65. Every person who shall erect a new building shall, for 
the purpose of securing efficient ventilation of the drains of. 
mjoh building, comply with the following requirements:— 

(i.) He shall piovidu ul least two uiiUapped upenings to the 
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dxainiy and, in the pzoyinon of audi openinga, he shall adopt 
aubh of the two axrangementa hereinafter speeded aa the oir^ 
enmatanoea of the oaae may render the more aaitable and 
e£RMtaal. 

(a.) One opening, being at or near the level of the sar&ce 
of tho ground adjoining such opening, shall communicate with 
the drains by means of a suitable pipe, shaft, or disconnecting 
chamber, and shall be situated as near as may be practicable to 
the trap which, in pursuance of the bye-law in that behalf, 
shall be provided between the main drain or other drain of the 
building, and the sewer or other means of drainage with which 
such drain may lawfully communicate. Such opening shall 
also in every case be situated on that aide of the trap which ia 
the nearer to the building. 

The second opening shall be obtained by carrying up from a 
•point in the drains, as far distant as may be practicable from 
the point at whioh the first-mentioned opening shall be situated, 
a pipe oir shaft, Tertiioally^ to sooh a height and in saoli a 
manner as eflbctnally to prevent any escape of fool air from 
auch pipe or ahaft into any building in the vicinity thereof, and 
in no case to a less height than fen/Mf* 

(6.) Jjdl every case wheze the foregoing axrangementa of the 
openings to die drains may be impracticable, there shall be 
substituted the arrangement hereinafter prescribed. 

One opening shall bo obtained by carrying up from a point, 
as near as may be practicable to the trap, which, in pursuance 
of the bye-law in that behalf, shall be provided between the 
main drain or other drain of the building and the sewer or 
other means of drainage with which such drain may lawfully 
communicate, a pipe or shaft, vertically, to such a height and 
in such a manner as effoctnally to prevent any escape of foul 
air from such pipe or shaft into any building in the vicinity 
thereof, and in no case to a less height than ten feet. Such 
opening shall also in every case be situated on that side of the 
trap which is the nearer to the building. 

The second openings being at a point in the drains as far dis- 
tant aa may be practicable from &e point at which sneh last- 
mentioned pipe or shaft shall be carried up, shall be at or near 
the level of tiie sor&ce of the ground adjoining each opening, 
and shall commnnicate with the drains by meana of a snitable 
pipe or ahaft. 

(ii.) He shall canse every opening provided in accordance 
with eilher of the arrangements hereinbefore spuciiied to be 
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fiimiahed with a suitable grating or other suitable cover for the 
' purpose of preventing any obstructioii in or injury to any pipe 
or drain by the introduction ol any sabfltanoo throng^ any 
wasStL opening. Qe shall, in every case, cause sooh grating or 
eover to be so constructed and fitted as to seonre the free pas- 
sage of air through sooh grating or cover by means of a raf&- 
dent number of apertnres, of whioh the aggregate extent shall 
be not less than the sectional area of the pipe or drain to which 
snch grating or cover may be fitted* 

(iiL) Every pipe or shaft which may be used in connection 
with either of the arrangements hereinbefoTe specified shall be 
of a sectional area not less than that of the drain with which 
such pipe or shaft may communicate, and uut less in any case 
than the sectional area of a pipe or shaft of the diameter of 
Jour inches, 

(iv.) No bend or angle shall (except whore unavoidable) be 
formed in any pipe or shaft used in connection with either of 
the arrangements hereinbefore specified. 

(v.) Provided always, that for the purpose of either of the 
arrangements liereinbefore specified the soil pipe of any water- 
doseti in every case where the situation, sectional area, height, 
and mode of construction of such soil pipe shall be in accord- 
ance with the requirements applicable to the pipe or shaft to be 
carried up from the drains, may be deemed to provide the 
necessary opening fior ventilation which would otherwise be 
obtained by means of sooh last-mentioned pipe or shaft 

06. A person who shall erect a new building shall not con- 
struct any drain of such building in such a manner as to allow 
any inlet to such drain (except such inlst as may be necessary 
from the apparatus of any watercloset) to be made within such 
building. 

He shall cause the soil-pipe from every watercloset in such 
building to be at least four inches in diameter, and to be fixed 
outside such building, and to be continued upwards without 
diminution of its diameter, and (except where unavoidable) 
without any bend or angle being formed in such soil pipe to 
euch a height and in such a position as to afford, by means of 
the open end of such soil pipe, a safe outlet for sewer air. 

He shall so construct such soil pipe that there shall not be 
any trap between such soil pipe and the drains, or any trap 
(other than such as may necessarily form part of the apparatus 
of any watercloset) in any part of such soil pipe. 

He shall also, cause flie waste pipe from every bath, sink 
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(not being a dop sink constructed or adapted to be used for 
receiTing any solid or liquid filth), or lavatory, the OT^flow 
pipe froEQ any cistern and from every safe under any bath or 
waterdoHet, and every pipe in such building for carrying off 
waste water, to be taken through an external wall of such 
building, and to discharge in tiie open air over a channel 
leading to a ti-apped g;illy grating at least eiglUeen inekea 
distant. 

Ho shall, as regards the mode of construction of the waste 
pipe from any slop sink constructed or adapted to be used for 
receiving witliin such building any solid or liquid filth, comply 
in all respects with such of the provisions of this bye-law as 
are applicable to the soil pipe from a watercloset. 

WUh reaped to Watercheete, 

67. Every person who shall construct a watercloset or earth- 
closet in a building shall construct such watercloset or earth- 
closet in such a position that one of its sides at the least shall 
be an external wall. 

68. Every person who shall construct a watercloset or earth- 
doset in connection with a building, whether the situation of 
such watercloset or earthdoset be or be not within such build* 
ing, shall construct in one of the walls of such waterdoset or 
earthdoset a window of not less dimensions than itoo fed by 
cm footy exdusive of the fra2ne» and opening directly into the 
external air. 

He shall, in addition to such window, cause such watercloset 
or earthdoset to bo provided with adequate means of constant 
ventilation by at least one air-brick built in aii external wall of 
such watercloset or earthdoset, or by an air shaft, or by some 
other effectual method or appliance. 

69. Every person who shall construct a watercloset in con- 
nection with a building shall iurnish such watercloset with a 
separate cistern, service box, or flushing box of adequate 
capacity, which shall bo so constructed, fitted, and placed as to 
admit of the supply of water for use in such watercloset with- 
out any direct connection between any service pipe upon the 
premises and any part of the apparatus of such waterdoset, 
other than such cistern, service box, or flushing box. 

He shall furnish such watercloset with a suitable apparatus 
for the eflectual application of water to any pan, basin, or other 
receptade with which such apparatus may be connected and 
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used, and for the effectual flushing and cleansing of such pun, 
basin, or other receptaclo, and for the prompt and efTectual 
removal therefrom of any solid or li(iuid filth which may from 
time to time be deposited therein. 

He shall furnish such wutercloset with a pan, basin, or other 
suitable receptacle of non-absorbent material, and of such 
shape, of such capacity, and of such mode of construction as to 
receive and contain a suihcient quantity of water, and to allow 
all £lth whioh may from time to time be deposited in such pan, 
basin, ot receptacle to fall free of the sides thereof, and directly 
into the water reoeived and oontained in such pan, basin, or 
receptacle. 

He shall not construct or fix under such pan, basin, or 
receptacle any " container or other similar fitting. 

He shall not construct or fix in or in connection with the 
waterdoeet apparatus any trap of the kind known as a '* D 
trap." 

A$ to the giving of Natiom, Depait of Plom^ Ac 

92. Every person who shall intend to erect a building shall 

give to the Sanitary Authority notice in writing of such intention, 
which shall bo delivered or sent to their clerk at his or their 
office, or to their surveyor at his or their ofRce, and shall at tho 
same time deliver or send, or cause to be delivered or sent to 
their clerk at his or their office, or to their survej'or at his or 
their office, complete plans and sections of every^ floor of such 
intended building, which shall be drawn to a scale of not less 
than one inch to every eight fret, and shall show the position, 
form, and dimensions of the several parts of such building, and 
of every waterdoset, earthdoset, privy, ashpit, cesspool, well, 
and all other appurtenances. 

Such person shall at the same time deliver or send, or cause 
to be delivered or sent to the derk to the Sanitary Authority 
at his or their office, or to their surveyor at his or their office, a 
description in writing of the materials of which it is intended 
that such building shall be constracted, and of the intended 
mode of drainage and means of water supply, 

Such person shall at the same time deliver or send, or cause 
to be delivered or sent to the clerk to the Sanitary Authority at 
bis or their office, or to their surveyor at his or their office, a 
block plan of such building, which shall bo drawn to a scale of 
not less than ont inch to every forty-four feet, and shall show 
the position of the buildings and appurtenances of the properties 
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immediately adjoining, themlth and level of flie siveet in fronts 
and of the street, if any, at the rear of eocih building, the level 
of the loweet floor of such building, and of any yard or ground 

belonging thereto. 

Such persou shall likewise show on such plan the intended 
lines of drainage of such building, and the intended size, depth, 
and inclination of each drain ; and the details of the arrange- 
ment proposed to be adopted for the ventilation of the drains. 
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ABERGAVENNY, sewage 
works at, ; irrigation, 
333, ; cost, 
Abingdon, drainage of, 323; irri- 
gation, a32 
Adelaide, the sewage of, ^35 ; 

irrigation, 336, ^ ; cost, 
Air, moisture in, 12A 
Ancholnie drainage, 49^ 113 ; 

sluices, afi 
Artesian well, Wandle Valley, 

m 

Arterial drainage, HQ ; Hainault 
Forest, 119. 

BASINS, drainage of, 29, 42 
Bedford Level, drainage of, 
150 

Bogs, drainage of, 77, 97, IM ; 

in Ireland, IM 
Brighton, main drainage of, 2&S ; 

cost, 2^ 

Buildings, drainage of, 22i ; clas- 
sification, 224 ; house-drainage, 
Adelaide, 332 ; model bye-Liws, 
341 

pATCH-TANKS, 2^1 
\J Catchwater drains, 32, 
57, IA9 

Cesspools, ; at Newport, 2M; 

at Dundee, 301j at Paris, 3M 
Cky soils, drainage of. 40, 41. 42, 

45, 46. 47, m ; at Hinxworth, 

m. 

Cleansing sewers. (See Sewer ».) 



Cleansing streets, 192, 222, 223 
Cofferdams and syphons, Middld 

Level Drain, IM 
Cost of land drainage, 87-97. 115 
Cost of sewers : — Holbom, Fins- 
bury, Westminster, 200, 201; 
pipe sewers, 214, 215 ; egg- 
shaped sewers, 217 ; Metropo- 
litan sewers, 219 ; Torquay, 
288 ; Brighton, 293^ Newport, 
298. 300, 301; Dundee, 304 ; 
Paris, 315j Wandle Valley, 
322; Abingdon, 327i Ade- 
laide, aii2 



DESERT land in France, drain- 
age of, HI 
Districts, lower-lying, drainage 
of, 21 ; valleys, 28, 30 ; 
basins, 29, 32; intermediate 
planes, 29, 33 ; level dis- 
tricts backed by high land, hi 
Districts, upland, drainage of, 2i 
Drainage : — definition, I ; his- 
torical notice, I ; drainage of 
lands, 5, IQ^ ; towns and build- 
ings, 180,24^ {%QQ Town Drain- 
age.) 

Draining : — Preliminary survey, 
98 ; boring, 99 ; fall of drains, 
lill ; implements, (See 
Drain*.) 

Drains, sections of, 31, 32, 53 ; 
junctions of, 31, 32 ; catch - 
water drains, 32, 61, 57; 
drains next a river, M ; form 
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and Bize, H ; open drains, 72^ 
82 ; covered vemis open drains, 
24 ; seclions of covered drains, 
la ; compound drains, II ; size 
of drains, 78, 83, 85, 92, 25 ; 
depth of drains, 79^ 84, 115 ; 
di ains in gra'-s lands, 82 ; 
drains in peat hogs, 168, Hi ; 
drains in desert land in France, 
178 ; scale for dimensions and 
distances apart, 87, 1118 ; stones 
used for filling drains, 91 ; 
plug-drains, 92 ; fall of drains, 
IQl ; formation ot drains, IM ; 
cutting of drains, 102i ^\ 
Middle Level Drain, \hk 
Dundee, drainage of, 3iIL ; cost, 
301, 3M ; cleansing, SOfi 

EGG-SHAPED sewers, stand- 
ard section, 212; coat, 216j 
317. (See also Sewers) 
Embankment, Fen district, 61; 

sea embankment, ^ 
Evaporation of water from the 
land, 5, 21 ; as effected by tem- 
perature, 9; by the soil, li) ; 
Charnock's observations, 11, 
12 ; conditions of evaporation, 
\h. ; evaporation from saturated 
soil, I2a; Dickinson's and 
Evans's observations at Hemel- 
Hempstead, 131 ; Greaves's ob- 
servations at Lee Bridge, 113 ; 
general conclusions, HI 

FEN districts, drainage in the, 
48j 148 ; low districts, 58 ; 
rivers Ouse and None, ^ ; An- 
chohne L* vel, 49, 149_; Bedford 
Level, liiQ ; North Level, 152j 
Middle Level, IM ; Witbam 
drainage, IM; pumping ma- 
chinery at Lade Bank, 1£2 ; 
modem pumping machinery, 
lfi2 

Filter-pressing sewage - sludge, 
2^ 

Filtration of rainfall. (See Ter- 

eolation of Rainfall.) 
Forest, Hainault, drainage o£^ US 



Forests, influence of, on rainfall, 
142 

France, desert land in, drainage 
of, 122 

GENNEVTLLIERS, sewage 
irrigation at, 316 
Germination, vegetable, Ifi 
Gravelly soil, drainage of, 46, 12 
Gullies, construction of, 261 ; gul- 
lies in Preston, 261 ; gully- 
trap, Newport, 3jQD ; gully- 
trap, Dundee, 306; gullies in 
Paris, 312 

HAARLEM LAKE, drainage 
of, 66 

Hainault Forest, reclamation and 
drainage of, 119 

Hamburg, drainage of, 302 

Hampshire, clay lands of, drain- 
age of, 86 

Hinxworth estate, composition 
of soil on, 169 ; under-drainage, 
111 

IRELAND, bogs in, drainage of, 
166 ; Balliuasloe Canal, 168 ; 
Mantua turloughs, 120 
Irrigation. (See Sewage- Filtra- 
tion and Irrigation.) 

KENT, Weald clay of, drainage 
of, 86 

LADE BANK, Witham drain- 
age, pumping machinery at, 
161 

Liind, reclamation of, 62 

Lands for drainage, 162 ; free 

soils, lOL 109; clay soils, 167 
Lee Bridge, rainfall at, 139 
Level, on the, drainage, 3a 
London, main drainage of, 257 ; 

north side of the Thames, 262 ; 

south side of the Thames, 220 ; 

total cost and length of sewers, 

279 ; table of lengths, areas, 

and dimensions of sewers, 286 
London, sewage of, estimation of 

quantity of, 203, 266 
Low lands, drainage of» 22 
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MANHOLES for sewers, 247, 
Sir Robert Rawlinson's de- 
signs, 241 ; Brighton, 2ai ; 
Newport, 299; Dundee, 304 ; 
Abingdon, 322 ; Adelaide, aim 
Mantua turloughs, drainage of, 
170 

Metropolis, drainage of. (See 

London.^ 
Middle Level, drainage of, IM ; 

cofferdam and syphons, 

NASH MILLS, Hemel- Hemp- 
stead, rainfall at, IM 
Nene drainage, 59, 150, 154 
Newport, drainage works of, 2M ; 

cost, 298_, 301 ; mortality, 3111 
Norfolk, heavy lands of, drain- 
age of, 86 
North Level, drainage of, 152 




USE and Nene drainage, 5^ 

' 150 



PAETS, main drainage of, 309, 
cleansing by mechanical 
means, 314 ; cost, 315 
Percolation of rainfall, 11 ; Char- 
nock's observations, H, 12 ; 
Dickinson^s and Evans's joint 
observations, 134, 136 ; 
Greaves' s observations, 139, 
144 ; artificial table, 115 ; 
Lawes's and Gilbert's observa- 
tions, \ASk 
Pipe-sewers, 213 ; cost, 215; Tor- 
quay, 281^ 282, 286; Newport, 
299; Dundee, 302, 304, 305; 
Wandle Valley, 317, 323; 
Abingdon, 325, 326 ; Aberga- 
venny, 3ii2 ; Adelaide, 335 
Plants, application of water to, 
22 

Plug-drain Sj 92 

Plymouth Bre tkwater, 65 

Po, Valley of, drainage in, 103 ; 
pumping machinery, 164 

Pumping engines for draining 
Haarlem Lfike, 66 ; at Ij • de 
Bank, With^m drainage, 101 ; 
Valley of the Po, lb3j for 
lifting sewage, Metropolitan 



Mam Drainage, 261^ 269, 276^ 
276 ; Abingdon, 325i 
Pump, centrifugal, Valley of the 
Po, 164 ; piston- pumps, 104 

AIN-GAUGES, Dickinson's, 
L34 ; Greaves's, Dalton'a, 
13S ; floating gaut^e, 142 ; 
Lawes's and Gilbert's, 115 
Rainfall, 5, 124 ; aflect* d by the 
geography of the district, 0; 
annual rainfall at several places, 
6, 143 ; monthly rainfall, 7, Sj 
Dalton on the cause of rain, 8 ; 
rainfall at Hinxworth, 115, 
lis ; in mountainous districts, 
125 ; in the Alps, 126 ; in Cum- 
berland and Westmoreland, 
127 ; mountain ranges as con- 
densers of moisture, 129 ; rain- 
fall in England, 13i ; at Green- 
wich, 131 ; at Hemel-Hemp- 
stead, 130; general conclusions, 
Li3, m, ; at Lee Bridge, 
139 ; at Rothanipstead, 145 ; 
influence of forests, 141; dis- 
posal of rainfall, 255 
Rain-water, collection of, for do- 
mestic use, 22S 
Reclamation of land, 50 ; Hai- 

nault Forest, 119 
Refuse matter, 100 ; street refuse, 
190 

Rivers, 106 ; outfalls as aff'ectcd 
by draining, LL2 

Roads and streets, width and di- 
rection, 187 ; street refuse, 190; 
street-c' causing machine, 192 ; 
cleansing, 222, 220 ; surface- 
water run into sewers, 220 

SCOOP wheels, 60-6;^ 
Sea embankment, 53 
Sewage, disposal of, various sys- 
tems of, 245 ; ** tlie water diflS- 
culty," 246; the land dim- 
cult y," 246; chemical precipi- 
tation of solids and tiltor-press- 
ing, 255 

SewHge-filt ration and irrigation : 
Paris, 315 ; Wandle Vallev, 
320; Abingdon, 329^ 332; 
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Abergavenny, 333, 334 ; Ade- 
laide, 336^ 331 

Sewage of London, estimation of 
quantity of, 203^ I&Sl 

Sewage-sludge, filter pressing, 

Sewers, forms and dimensions of, 
196, 209. 212: in London, 196, 
200, 216. 262-280 ; Westmin- 
ster, 197, 2in ; Kingston, IM ; 
Lancaster, 19^ : Nottingham, 
199 ; Birmingham and Wal- 
sall, UJS ; Chester, m ; Bris- 
tol, 1S9 ; Frome, 199; Swansea, 
200 ; Brecon, 20Q ; determina- 
tion of capacity, 2fi2 ; standard 
section of egg-shaped sewers, 
212; cost, 216, 217j pipe- 
sewers, 213, 231; Torquay, 
' 282-286 ; Brighton, 292, 293; 
Newport, 291 ; Dundee, 304^ 
305 ; Hamburgh, 202; Paris, 311 

Sewers, flow through, 217 ; con- 
nections of house drains, 218, 
23S ; access to sewers, 21S ; 
junction of sewers, Dundee, 
304; Wandle Valley, 318 

Sewers, cleansing and flushing 
220, 221, 253; Brighton, 294; 
Dundee, 306 ; Hamburgh, WSi. ; 
Paris, 314 ; Abingdon, 327, 
SM; conditions of construction, 
2ai ; trapping, 240, 242 

Sewers, tide-locked, 253 ; con- 
stant discharge versus intermit- 
tent discharge, 253 ; ** tank- 
sewers," 2M 

Sewers, Ventilation of. (See Ven- 
tilation af Sewers.) 

Sluices : Ferraby Sluice, for 
Ancholme drainage, 66 ; Bos- 
ton Sluice, Witham drainage, 
160 

Soil, forms of, 16^ 17, 102 ; in- 
fluence on evaporation from the 
surface, Ih ; proper condition 
of, 12; formation and consti- 
tuents of, 26j 39, 109, 110 ; 
drainage of different soils, 37, 
115. {See Strata.) 

Steam-power, drainage by, 61, 
161, 162, 164 



Storage-reservoirs, 131 ; law of 
the minimum, 

Storm waters, 206, 2fil 

Strata, characters of, 32 ; ar- 
rangements of, 39 ; surface-soil 
on a porous stratum, 39 ; porous 
bed beneath clay, iQ_ ; porous 
bed on clay, 41^ 42 ; swampy, ■ 
42; gravel on clay, 4A; in- 
clined surfaces, 45 ; gravel on 
clay, concave surface, 46 ; clay 
and gravel alternating, 41 

Streets. (See Boids and Streets.) 

Subterranean drai iage, ILL (See 
U nder- drainage, ) 

Syphon drain. Middle Level 
Drain, 156 

Syphon sewers : Hamburgh, 307^ 
309 ; Paris, 312 

TANK-SEWERS, 254 
Temperature in the Alps, 127 
Tide-locked sewers. (See Setvers^ 

tide-locked.) 
Torquay, main drainage of, 280 ; 
High Level Sewer, 282 ; Low 
Level Sewers, 285 ; cost, 287 
Town drainage, 184, 245 ; sites, 
182. Types: London, 255, 257; 
Torquay, 266, 280; Brighton, 
256, 288 ; Newport, 256, 2M ; 
Dundee, 256i 301 ; Hamburgh, 

256, 307 ; Paris, 256, ; 
Wandle Valley, 256, aifl ; 
Abingdon, 257, 323 ; Aberga- 
venny, 267i 332; Adelaide, 

257, m 

Traps for sewers, 240, 242 ; self- 
acting traps, 244 
Turbines, VaUey of the Po, 164 

UNDER-DRAINAGE, 111 ; at 
Hinxworth, 114 
Undulating surfaces, drainage of, 
36 

Upland districts, drainage of, 34 

VALLEYS, drainage of, 2^ 28, 
30 

Vegetable germination, Ifi 
Ventilation of sewers, 246 ; man- 
holes designed by Sir Robert 
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Kawlinson, 247 ; steep gra- 
dients veratis flat gradients, 21B 
247. 252; Portsmouth, 241 
Hull, 248 ; Liverpool, 242 
Manchester, Leeds, 2511 

Aberdeen, 2M ; Brighton, 250, 
291, 293. 295 ; ventilation of 
pipes, 251 ; Dundee, 251 ; Paris, 
312; London, 275, 278j Tor- 
quay, 284, 285; Newport, 299; 
Abingdon, 325, 327, m ; Ade- 
laide, 336, 337 



WANDLE Valley, main drain- 
age of, 316i filtration, 32fl ; 
coat, 321 



Water, application of, to plants, 

22 

Water, lifting, scoop wheels for, 
60, 63 ; turbines, IM ; ceniri- 
fugal pumps, 161, 162, IM ; 
lifting wheels, 165 

Water of pressure, 114 

Water, sources of, 5 

Waterclosets, 239, 338; model 
bye-laws, 344^ 345 

Water supply, 226 

Wheels, lifting, Valley of the 
Po, 165 

Wheels, scoop, in the Fens, 60 
Witham drainage, 15S ; pump- 
ing-machinery at Lade Bank, 

m 
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LONDON, 1862. 
THE PRIZE MEDAL 

Was awarded to the Publishers of 

"iEAU'8 SERIES." 




A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIGjEDUGATIONAL, 

AND CLASSICAL. 

Contf 7 istng nearly Three Hundred and Fifty duiinci worka in eilmoti evtvy 

d^parhnent of Science, Art ^ and Education^ reconnnended to the notice o f Bnsrineers , 
Architects, Builders, Artisans, attd Students v^eii('rally\ as rvell as to those interested 
in IVor kmer£s^^7^^^^ies^^Ltie^ 



*• WEALE'S SERIES includes Text-Books on almost every branch of 
Science and Industry, comprising such subjects Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new 6diti<Mis, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured." — American Literary Gazette. 

'* Amongst the literature of technical education, Wsalb*s Sbries has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
LocKWOOD & Son render the series more complete, and bring the informa- 
tion upon the several subjects down to the present time." — Mining Jonrtial. 

** It is not too much to say that no books have ever proved more popular 
witb, or more useful to, young engineers and others than the excellent 
treatises comprised in VVeale's Series." — Engineer, 

*• The excellence of Weale's Series is now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness and 
value." — Builder. 

" The volumes of Whale's Series form one of the best collections of 

elementary technical books in any language." — Architect. 

•* WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science." — Public Opinion* 




PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Was awarded to the PubluhetB for 

Booki: Badtmeittury, Soifintifiet 

"WEALE'S SERIES,' ETC. 




CROSBY LOCKWOOD & SON, 

J, STATIONERS' HALL COURT, LUDGATE HILL, LONDON, E.G. 
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WSALB'S RUDIMENTARY SBRIE8. 



WEALES AnoIMSirXAET SCIENXIFIO 8E&IE8. 




*«* The volumes of this Series are freely Illustratad wilk 
Woodcuts, or otherwise, where requisite. Throughout tlie Ibl* 
lowing List it nwst be understood that the books are bound in 
limp doth, unless otherwise stated; but the voiufnes marked 
mitk a % tmay aho h$ had tiramgfy heimd in cbtk kuwdt fgr^ 

tx/ra. 

N.B. — In orderini^ from fkis List it is recommended^ as a 
means of /acilttaiing bitsiness and obviating error, to quote the 
mmm^n infixed io iMt wiumeSf as wtli at tJu tiiUa ana ^rieew. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. h^'ELLS AND WELL-SINKING, By John Geo. Swindell, 
A.R.I.B.A.» and G. K. Burnbll, C.£. Revised Editimi. With a New 

Appendix on the Qualities of \\'ater. Illustrated. 2s. 

,35. THE BLASTING AND QUARRYING OF STONE, for 
Buildine and other Purposes. Ky Gen. Sir J. Burgoynb, Bart. is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES,^^ 

tirul.irl}' describing the Britannia and Conway Tubolar Bridget. Bj Q. 
Drysdalb Dempsey, C.E. Fourth Edition, as. 

44. FOUNDATIONS AND CONCRETE WORKS, with Pracdcal 

Remarks on Footings, Sand, Concrete, B6toii» Pile-driving, Caissons, and 

Cofferdams, 8cc. By E. Dobsov. Fifth Edition, is. 6d. 

6a LAND AND ENGINEERING SURVEYING, By T. Bablek, 
C.E. Fourteenth Edition, revised by Professor J. R. Yoowo. ss.t 
«o». EMBANKING LANDS FROM THE SEA, With examples 
and Particulars of actual Emhankroents, &c. By J. Wiggins, F.G.S. 2s. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations ot EnKl.inJ as in- 
fluencing Supplies of Water, &c. By S. Hi ghes, C.E. New Edition. 4S.I 

118. CIVIL ENGINEERING IN NOR 77/ AMERICA, a Sketch 

of. By Davm) Sthvknson, F.R.S.E., &c. Plates and Diagrams. 3s 
167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Franc is Cami in, C.K. 2s. 6d.t 
197. ROADS AND STREE7S. By H. Law, C.K., revised and 

enlarged by D. K. Clark, C.E., including pavements of Ston^ Wood, 

Asphalte, &c. 4s. 6d.t 

ao3. SANITARY WORK IN THE SMALLER TOWNS AND IN 

VILLAGF.S. By C. Slagg, A.M.T.C.E. Revised Edition. 

ai2. GAS-WORKS, THEIR CONSTRUC7ION AND ARRANGE. 
AIENTl and the Manufacture and Distribution of Coal Ga^. Originally 
written by S ami fl Hughes, C.E. Re-written and enlarged by Wiluam 
Richards, C.E. Seventh Edition, with important additions. $%. 6d.t 

213. PIONEER ENGINEERING. A TreaUse on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coon- 
trjes. By Edward Dohson, Assoc. Inst. C.E. 4s. 6d.t 

ai6. MATERIALS AND CONSTRUCTION ; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. Bv FrAncts Campin, C.E. Second Edition, revised, js.t 

119. CIVIL ENGINEERING. By Henry Law, Al.Inst. C.E. 

Including Hydraulic Engineering by Oho. R. Burnell, M.Inst. C.E. 

Seventh Edition, revised, with large additions by D. Kinnbar Clark, | 
^I.Inst. C.E. 6"^. 6d.. Cloth boards, vs. 6d. 

268. 777E DRAINAGE OF LANDS, TOWNS, &^ BUILDINGS. , 
By G. D. Di MPSKY, CE). Revised, with large Additions on Recent Practice 
in Drainage Engineering, by D. Kinnbak Clark, M.LC.E. Second Edition, 
Corrected. 4S.6d.t [Jtt$t ^uhHsked 

I'ht: X indicates that these vols* maj be had i/ri'Uk;/y bound at Od. extra. 
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MECHANICAL ENGIN££JbiING| ETC. 

33. CRANES^ the Coniitniction of, and ofh«r Macfaiaery for Raiaiiig 

Heavy Bodies. [oshph Glynn, F.R.S. Illttftrated. is. 6d. 

34. THE STEAM ENGINE, By Dr. Lardner. Illitttiated. is. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 

8a. THE POWER OF WATER, as applied to diive Flour Mills, 
and to inve motion to Turbines, &c. By Josbfh Glynn, F.K.S. ^%.X 

98. PRACTICAL MECHANISM, the Eleinenti of; and Machine 

Tools. By T. Bakeh, C.E. "With Additions by J. Nasmyth, C.K. 2s. 6d.t 
139. THE STEAM EXGINE, a Treatise on tlie Mathematical Theonr 

of. with Rules and I'^xanipics for Practical Men. By 1'. Bakkk, C.E. is. 6d. 

164. MODERN WORKSHOP PRACTICE, as applied to Steam 

Enijines, liridges, Ship-building, Cranes, &c. iiy T. O. WiNTOK. Fourth 
Edition, much enlarged and carefully revised. 3s. 6d.t [Just published, 

165. IRON AND HEAT, exhibitin«^» the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.| 

171. THE WORKAfANS MANUAL OF ENGINEERING 

DRAWING. ByJ.MAXTON. 6th Ed n. With 7 Plates and 350 Cuts. 3s. 6d.t 

190. STEAM AND THE STEAM ENGINE, buUonary and 
Portable. Beinff an Eztendon of the Elementary Treatite on the Stean 

Engine of Mr^ohn Sewkll. By D. K. Clark, M.I. C.E. 3s. fid. J 
200. PUEL, its Combustion and Economy. By C. W. Williams 

With Recent Practice in the Combustion and Economy of Fuel—Coal, Coke 
Wood, }*cat, Petroleum, See— by D. K. Clark, M.I.C.E. 38. 6d.t 

102. LOCOMOTIVE ENGINES. By G. D. Dfmpsey, C.E, ; with 

large additions by D. Kin . t.ar Clark, M.T.C.E. js.t 
211. THE BOILERMAKER'S ASSIS7ANT m Drawing, Tern- 
plating, and Calculating Boiler and Tank Work. ^ By John Courtnby, 
Practical Boiler Maker. Edit-^^d by D. K. Clark, C.E. 100 Illustrations. 2S. 
ai;. SEWING MACHINERY: Its Construction, History, &c., with 
full Technical Directions for Adjusting, &c. By J. W. LJkquhart, C.E. zs.t 
223. MECHANICAL ENGINEERING, Comprising Metallurgy. 
Moulding, Casting, Forging. Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. Sccoiul Edition. 2s. 6d.t 

236. DETAILS OF MACHINERY. Comprising Instructions fot 

the Execution of various Works in Iron. By Francis Campin, C.£. ts.t 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coaeh Smithing. By W. J. E. Ckanb. Illustrated, as. 6d.t 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 04 Diagrams and 
V/orking Patterns, iiy \V. J. E. Crane. Second Edition, rovised. is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hints 
CO ConstoictioB and Selection. By M. Powis Balb, M.I.M.B. at. 6d.| 

254. THE BOILERMAKER'S READY-RECKONER, By J. 

Courtney. Edited by D, K. Clark, C.E. 4s., limp; 5s., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Ix>comotive Engines. By Michabl Reynolds, M.S.E. 
Eighth Edition. 3s. 6d.» limp ; 43. 6d. cloth b(»ards. 

256. STATIONARY ENGINE^DRIVING, A Practical Manual for 

Engineers in charge of Stationary En^^ines. Wy MicHABL RbYMOLOS, MiS»S. 
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their Construe- 
tion a nd Erection. By Hamilton V. Phnprbp, C.E, as. 

. g^r The % indieaies thai these vols, may be had sfronely bound at 6d. e xinu 
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Digitized by Google 



4 WSikLB'S HUDIMBNTARY SIRIIS. 



MINING, METALLURGY, ETC. 
4« MINERALOGY^ Rndiments of; a concise View of the Genenl 

Properties of Minerals. By A. Ramsay, F.G.S., F«R.GJS.« ftc* TUfd 

E«lition, r«nisfd and cnlarpfd. Illustrated. 3s. 6d,t 

117. ^SUBTERRANEOUS SURVEYING, with and without the Mag- 
iMtic Needle. By T. FsirwiCK and T. Bakbb, C.B. Dlustrated. ss. 6d^ 
135. BLECTRO'METALLURGY; PracticaUy Treated. By Alex- 

ANDER Watt. Ninth Kdition, enlarged and revised, with additional lUilS* 
trations. and including the most recent Processes. 3s. (A.t 

I7S« MINING TOOLS^ Manual of. For the Use of Mine Managers, 

Afento, Students, &c. By William Morgans, as. 6d. 
IJt*. MINING TOOLS, ATLAS of Engravings to lUiistrate the abov^ 
containing 235 Illustrations, drawn to Scale. Ato. 48. 6d. 
176. METALLURGY OF IRON Containing History of Iron Manu- 
futiupe» Methods of A«say, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &C. Bj tt. BAUBaHAll, F.G.S. Sixth Edition, 
revised and enlarged. $%.% [Juii published. 

180. COAL AND COALMINING, By liie iaie Sir Warington W. 

SinnB» M Jl., F Jt.S. Seventh Edition, levised. |t. 6d,t \Ju9i ^tMisked. 
195. 7HB MINERAL SURVEYOR AND VALUER'S COM- 

PLETE GUIDE. By W. Li.vtrrn, M.E. Third Edition, indadlag Mag- 

n*>tic and Angular Surveying. With Four Plates. 3s. 6d.t 

214. SLATE AND SLATE C^^^^-^^/^^^, ScienUfic, Practical, and 

Commercial. By D. C. Davibs, F.G.S., Mining Engineer, ftc. 3t4 
164. A FIRST BOOK OF MINING AND QUARRYING, with the 

Sciences connected therewith, for Primary Schools and Self Instruction* ?f 
J. H. COLUNSj F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, ETC. 
l6w ARCHITECTURE— ORDERS— Tht Orders and their iEsthetic 

Principles, liy W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE— STYLES— Tht Histon' and Description of 

the Styles ot Architecture of Various Countries, from the Earliest to tbs 
Present Period. By T. Talbot Bory, FJLI.B.A., &c. Illustrated, at. 
%* Ordi Rs and Stvlhs op Architbcturb, tn One Vol., 3*. td. 

18. ARCHITECTURE— DESIGN— T\i^ Principles of Design in ., 

Architecture, as deducible from Nature and exemplified in the Works of tha 
Greek and Gothic Architects. By E.L. Garbktt, Architect. Illustrated. 2s.6d. 
V Tk§ tlanu prtcedtn^ Works, tn One handsome Vol., ka^f ioumd^ mUM 

"MonituN Architecturk," /ri'c* 6^, 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials 11 ^ed in Building, Strength and Use of Matenali» 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s4 

MASONRY AND STO NE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Coo- | 
atroctioo. By EowAmD Donaoif, M.R.I.B Jk.., flic. B8.6d4 

42. COTTAGE BUILDING. By C. Brucb Aixbn, ArchitecL 

Tenth Edition, rcvisrd and enlarged. With a Chapter On Economic CottafM 

for Allotments, by Edward E. Alle.n, C.E. 2s. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, 8cc. By G. R. Burnbll, C.E. Thirteenth Edition. is.Od. 

57. WARMING AND VENTILATION. An Expodtioa of the 

General Principles as apjplied to Domestic and Public Buildings, MinVi 
Lighthouses, Ships, &c. By C. Tomlinsov, F.R.S., &c. Illustrated. 3s. 

III. ARCHES, PIERS, BUTTRESSES, &'c.: Experimental Essayi 

on the Principles of Construction. I'.y W. Bland. Illustrated, is. 6d. 
The X ind icates that ihese vols, may be had strongly 6cundal od. extra, 

' ■ y 

I^OMDQN ; CROSBY LOCKWOOP AKD SON. 



Digitized by Google 



WEALI*S RUDIM£MTAltY 8IRIBS. 



Architecture^ Buildingi etc.| continued* 
116* THE ACOUSTICS OF PUBLIC BUILDINGS! or. The 

Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger Smuh, LB. A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art oL 

By T. A. RiCHAKDSON, Arcliitect. lUnttfatod. n. 6d. 
138. VITRUVIUS^THB ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO, In Ten Books. Translated from tiw Latitt If 

TosEPH GwJLT, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
«{ Beaoty in ; with an Htttorieal View of the Rim and ProgfreM of Aft in 

Greece, l^y the Earl of Arkrdeen. is. 
The two preceding Works tn One handsome Vol., half bound, entitled "Ancient 

Architbcturb ^T^ceds 
13a. THE ERECTION OF DWELLING-HOUSES, lUiistrated \tf 

a Perspective View, Plans, Elevations, and Sections of a pair of Semi* 
det.ichfd Villas, with the Specification, Quantities, and Estimates, 8tc. By 
S. H. Bkooks, New Edition, with Platt s. 2s. 6d t 

156, QUA'NTJTIES AfEASUREM/:NTS\n Bricklayers*, Masons', 
Plasterers', Plumbers'.Paiaters'.Papcrhangers*, Gilders', Smiths*, Carpenters' 
and JoineiV Work. By A. C. BtATON, Surveyor. New Edition, is. 6d« 

175. LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1891. A 

Comprehensive Handbook of the Latest Prices and Data for Builders- 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
greatly Enl.irgcd. By FRANCIS T. W. MllXBR, A.K.LB.A. 650 pages. 

3s. 6J. ; cloth boards, 4s. ^Jusf Published. 

l8a* CARPENTRY AND JOINERY— Tu^ Elementary Prin- 
CIPLKS or Cakpbmky. Chiefly composed from the Standard Work ol 
Thomas Tkbdgold. C.B. With a TREATISE ON JOINERY by B.* 

WvNDHAM Tarn, M.A. Fifth Edition, Revised. 3s. 6d-t 

CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany the above. With Descriptive Letterpress. 4to. 6s. 

185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. Sec ; Unequal-sided, Squaie^sided, Octagonal-sided, Konnd Timber 
and Stone, and Standing Timber, &c. By RiCBABD HoRTOV. Fiftk 
Edition. 4s. ; strongly bound in leather, 5s. * 

187. HINTS TO YOUNG ARCHITECTS. By G. WlORTWIOL 

New Edition. By G. H. Guillaumr. Illustrated. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House- Painters, Sign- 
Writers. he., and a Collection of Useful Receipts. By Ellis A. Davumon. 
Fifth Edition. With Coloured Plates, ss. clotr limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting : 
Pointing; Paving. Tiling, Materials; Slating and Plastering; Practical 

Geometry, Mensuration, &c. By Adam Ham.mond. Seventh Edition, is. 6d. 

I9I, PLUMBING. A Text-Book to the Practice of the Art or Crafl ol 
the Plumber. With Chapters upon House Drainage and Ventilation. Fifth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

102. THE TIMBER IMPORTER'S, TIMBER MERCHANTS^ 

and BUILDER'S STA NDA R D GUIDE. By R. E. Grandy. as. 

306« A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great Pyramid 
ftc. By Sir Edmuitd Bbckrtt, Bart., LL.l>., Q.C., F.R.A.S. 4s. 6d.t 

2S6. THE JOINTS MADE AND USED BY BUILDERS in the 

Construction of various kinds of Engineering and Architectural Works. By 
W YVILI. J . C HRiST y, Archi tect. With upwards of 160 Engravings on Wood, js.t 

St8. THE CONSTROcTION OF ROOFS OF WOOD AND IRON. 

By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, is. 6d. 
89r Tks % imdicaia thai ikeM vob. may H kad tirongfy b&imd €ti ^ 
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Arcliilecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Interior 
aod Exterior Decoration of Dwelling-Houses, &c. By J. W. Facby. 2s. 

157. PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Ornamental Paintinjc* By James W. Facby. 2s. 6d. 
TJk0 hvo frrcedivi' Works, in One hitrtdsnntf V'ol., ha/f-boundf eniHied Hoxm 
DbCORATION, iiLKMENTAKV AND pRAtllCAL," pf tCC 5*. 

S JO. MANDRAILING, Showing New and Simple Methods for finding 

the Pitt h of the Plank. Drawing the Moulds, I'lcvdling, Jo'nting-up, and 
Squaring the Wreath. By Gborok Collings. Second Edition, Revised 
including A Trbatisb on Stairbuii.ding. PUtos and Diagrams. 2s. 6d. 
147. BUILDING ESTATES : a Rudimcntaiy Treatise on the Develop- 

ment, Sale, Purchase, and General Mnnagement of Building X«aild. By 
FowLBR Maitland, Survoyor. Second Edition, revised. 2S. 

J48. PORTLAND CEMENT FOR USERS. By Henry Faija, 

AMoe. M. iDst C JE* Tbtfd Edition, eomcted. Illtistfaled* st. 
t5t. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklayinq-, Cutting and Setting, 8cc« Bj F» 
Walkbr. Second Edition, Revised and Enlarged, is. 6d. 

«3. THE PRACTICAL BRICK AND TILE BOOK Comprising: 

189. Brick and Tile Making, by E. DonsoN, A.I.C.E.; Practk at. Hkicklay- 
lti5, ING, by A. Hammond ; Brickcutting and Setting, by A. Hammomd. 5^4 
pp. with 270 Illustrations. 6s. Strongly half-bound. 

til. THE TIMBER MERCHANT'S, SAW^MILLER^S, AND 

IMPORTER'S FREfGIIT POOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c By 
M. Powis Balb, a Jf.Intt.C.E. js.t 
tsS. CIRCULAR WORK IN CARPENTRY AND 70INERY. 

A Practical Treatise on Circular Work of Single and Double CWTatarS. 
By GeorgbCollings. Second Edition, as. 6d. 

259. GAS FITTING: A Practical Handbook treating of eyeiy 
Description of Gas Laying and Fitting, fi^ Jobn Black, with zat mni- 

tratinns. 2S. 6d.t 

161. SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By GsoaoB H. BrjimtovR. ii. 6d. [ Just pubtitkedL 
265. THE AR T OF PR A CTICA L BRICKCUTTING &' SE TTING. 

By Adam Hammond. With go Fnjjravinfjs. is. 6d. \Jusi published, 

267. THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. By E. AVyndiiam I akn, M.A. Lond. Third Edition, Revised 

and F.nlarLTed. With 59 Weed PLnj^ravinKS. ',s. 6d.t \yust published. 

271. VENTILATION : a Texi-book to tlie Practice of the Art of 
Venttlatinir BitildlnffS, with a Supplementary Chapter upon Air Testing. By 
Wii r lAM Paton Pi'CHAN, R.P., banitary and Ventilating F.n<;inr,-r, Author 
ot "Plumbing," &c. 3s.6d.t \Ju5t published, 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Eleracntaiy 
Principles of the 5)cience, and their Practical Application to Naval Coottrae* 

tion. By J. Phake. Fifth Edition, with Plates and Diagram!, jt* 6d4 

53». SHIPS FOR OCEAN ^ RIVER SERVICE, Elementan- and 

I*ractiral Principles ot tlie Constnirtion of. \^y H . A. Sommhrfhldt. is. 6d. 

53*». AN A 7 LAS OEENGRA VINOS to lliusuale die above. Twelve 
large folding plates* Royal 4tO) doth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Also Tables of Spars, Rijiginpf, Plocks ; Chain, \\''ire, and Hemp RopCi^ 
&c., relative to every class of vessels. By Robert Kjppino, NA. as. 

Ih0* TAe t indicaiet that these volt, may be had st> otn ly b.-'un.i at 6./. extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., cont, 
^K/RON SIIIP-BUILDING. With Practical Exampics and Details 

P.v jOHM (jk \\ 1 11 \M. C.K. Fift!) I'dition. 4s. 

55. THE SAILOR 'S SEA BOOK: a Rudimcntaiy Treatise on 
Navigation. By Jambs Grbbkwood, R.A. With numerous Woodeuts aad 

Coloured Plates. N< w and enlarged rditton. Hy W. H. Kos^rr. 2s. 6d.t 

80. MARINE ENGINES AND STEAM VESSELS. By Robert 

Mirk AY, CE. Eighth Edition, thoroughly Revised, with Additions by the 
Author and bv Geokgk Caklislk, C.l'^ 4s. 61I. limp ; 5s. cloth boards. 
%^is.THE FORMS OF SHIPS AND BOATS, By W. BLAND. 
Seventh Edition, Revised, w tli nnni-^roiis Illustrations and Models, is. 6d. 

99. NAVIGATION AND NAUTICAL AS TR ON OMV, in TheoTy 

and Praetico. By Prof. J* R. Yovito. NewBditioa. tt. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. CoTSELL, N.A. is.6d* 
149. SAILS AND SAIL-MAKING. With Draughting, and the CentW 
of £fifort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging^, 
and Sails of Steam Vessels, &c. latb Edition. By R. Kippino. N JL, ss. Cd.t 

155. ENGINEER'S GUIDE TO THE ROYAt MERCANTILE 

NAVIES. By a Practical Enginhhr. Revised by D. F. McCarthy. 3s. 
55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
JSi Sea-Book. By Jamks Greenwood and W. H. Rosser. Togetber with 
the requisite Mathematical and Nautical Tables for the Working of tha 
Problems. By H . Law, C.£.> and Prof. J. R. Yo uwo. Ualf-bonnd. 

AGRICULTURE, GARDENING, ETC. 

kX^.A COMPLETE READY RECKONER FOR THE AD ME A^ 
SUREMENT OF LAND, ftc. By A. Armaw. Third Edition, refvised 

and extended by C. Norkis, Sui \ cn or, ^^ll^I'•r, &c. 2s. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modern 
Flour- Mill Machinery, by W. S. Huttdn, C.E. 2S. 

14a SOILSt MANURES^ AND CROPS. (Vol. i. Outltnes or 
MODBRM FABMnro.) By R. Scott Burn. Woodcuts, ss. 

141. FARMING (V FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outi.inhs oiModhhn Farming.) ByR. Scott Burn. 3s. 

STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 
Outlines of Modern Farming.) Jiy R.Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 
R. Scott Bubn. (Vol. 4. Outunbs of Modbbn FARMmo.) ssi 

146W UTIUZATION OF SEWAGE, IRRIGATION, AND 
RF.CLAMATION of waste land. (Vol. 5. OuTLnma or lIODiaii 
Farming.) Bv R. Scott Burn. Woodcuts. 2s.6d. 
'«* iVSffr. X40-I-2-5-6, th One VoL, handsomely half-hound, eniiiled ** Outunbs 0* 

Modern Farming." By Robert Scott Burn. Prue 12s. 

177. FRUir TREES, The Scientific and Profitable Culture of. From 
the French of Du liREuiL. Revised by Geo. Glennv. 187 Woodcuts. 3s. 6d.l 

19s. SHEEP; THE IIISTOR Y, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Sfoonbr, M.R.V.C, «tc. Fifth Edition, 
enlarged, including Specimens ot New and Improved Jireeds. 3s. 6d.t 

aox. KTICHEN GARDENING MADE EASY. ByGso&GSM.F. 

Glennv. Illustrated, is. 6d.t 
207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

zat ion of Farm Labour. V>\\\. Scoi r I^ikn. 2s. Cd.t 

ao8. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. 2s. 6d.t 
Noi. 207 6>- 208 in One VoL, handsomely half-bound, eniitled *' Outlines oi 
L awdbd Estatbs AND Fabm Manaobmbnt." By R. Scott Burn. Pnee dt. 

Ke&' The t indilcaiee ihmi these volt. iwMry be had etrongly bound at bd, extra, 
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Agriculture, Gardening, etc., continued, 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 
A Practical Manual on the Propagation of Forest Trees, Fniit Tveai^ 
Flowering Shrubs, Flowering Plants, &c. By Samubl Wood. as. 

aia THE TREE PRUNER, A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuil Wood. is. 6d. 

Not. ao9 6f sic m Ons Val^ kamdtamely half 'bounds miitUd ^Ttn Tmb 

Plantbr, Propagator, and Prunbr." By Samubl Wood. Price 35. 6d, 

ai8. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
ByJomiSnns. Fonrtii BoitioB. ss. 

Sll. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Buttery and Cheese, Eggs, PottUfj^ 
and Pigs. JHy Prof. Iohn Do.naldson and R. Scott Burn, 31. 6d.t 

«3I. THE ART OF GRAFTING AND BUDDING. Bjr ChaxlbS 
Baltit. Willi ninstratioiu. it.6d.t 

232. COT7AGS GARDENING: or, Flofwei^ Fhtitiy and VegeUUei 

for Small Gardens. By E. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by CHARLES W. QuiN. It.6(L 

234. MARKET AND KITCHEN GARDENING. By C. W. SiiAW, 

*late Editor of " Gardening Illustrated." 3$.^ {Just published. 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 
bodying the most recent experience in the Application of Improved Method*. 
By John Scott, late Protessor of Agriculture and Rural EoMUHny at ths 
Royal Agricultural College, Cirenrester. With 68 Illustrations, is* 6d. 

140. IRRIGA TION AND IV A TER SUPPL Y. A Treati<=e on Water 
Meadows, Sewage Irrigation, and Warping; the Construction of WellSf 
Ponds, and Reservoirs, ftc. By Pkof. John Soott« With 34 Uloa. zs. 6d. 

t4l. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Ro.ids, Tramways, and Waterways of the Farm ; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 niostratioiis. is. 6d. 

242. FARM BUILDINGS. A Practical Tk«atise on the Buildings 

necessary for various kinds of Farms, their Arrangement and ConstractiOBt 
with Plans and Estimates. By Prof. John Scott. With 105 lUus. ss. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on Uie Application of Power to tiie OperaHons of Agricnltnre s and 

on various Machines used in the Threshing-bam, in the Stock"yard,aadmfl0 
Dairy, 8ic. By Prof. J. Scott. "With 123 Illustrations. 2s. 

S44. FIELD IMPLEMENTS AND MACHINES. A Practical 
Treatise on the Varieties now in nse, with Principles aad Hataib of Con* 

struction, thoir Points of Excellence, and Managomont* By PMlbssOr JOHN 

Scott. With 138 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING, A Practical Treatise on 
Land Surreying, Levelling, and Setting-out : and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce^ Stock, he 

By Prof. John Scott. With 62 Illustrations, xs. 6d. 

%• Nos. 2xq to 245 in One Vol.^ handsomely half -bound, entitled "Thi ComplbtI 
Text- Book of Farm Enginekring.*' By Professor John Scott. Price \zs. 

250. ME A T PRODUCTION, A Manual for Producers, Distributois, 
lee. By John Ewakt. as. 6d.t 

266. BOOK-KEEPING FOR FARMERS^ ESTATE OWNERS. 
By J. M, Woodman, Chartecod Acconntant. as. 6d. cloth limp; 3s. 6d. 
cloth boards. {JmipuMitM, 

fb^ Tk0 1 Mtlea/tf ikai Um§ swft. m^UkmdUmufy bmmd«ti^€xhm. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MAIIIEMATICAL INSTRUMENTS, a Treatise on; Their 
Constniction, Adjustraeatp Testinf^, and Uta concisely Explained. By J. F. 
Hbathhr, M.A. Fourteenth Edition, revised, with additions, by A. T. 
Walmislby, M.I.C.E., Fellow of tho Surveyors' Institution. Original Edi- 
tum, in X vol., Illtifltnted. ts.1 [Just ^iitM. 

%• In ordtring the above^ he careful to say, " Original Ed if ion '* {No. 3a), h ditim* 

gitish if from the Enlarged Edition in j voU* (AW. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of bbadows and of Perspective, extracted from the French of 
G. Mono*, to wtiich It added, a description of the Principles and Practice 

of IsoiTK trical Projection. By J. F. IIi A rHHK, M.A. "Witn 14 Plates. %%, 

I7«. PRACTICAL PLANE GEOMETRY: giving the Simplest 

^^otle?; of Construrtine:^ Fl^^uros contained in nno Plane and Geometrical Con- 
struction of the Ground, liy J. F. Hkaiukk, xM.A. With 215 Woodcuts. 2>. 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. Hy Jambs HADDOMf 

M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examplesfor Practice. By 
Professor J. R. Youno. Eleventh Edition, it. <Sd. 

A Khy to the ahnve, contaiiiin Solutions in full to the Exercises, together 
with Comments, Explanations, and Iniproved Processes, for the Use of 
Teachers and Unassisted Learners. By J. K. Youno. is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life AssnnUDCe, and General Commerce ; with variont Tablet bf 

which all Calculations may be greatly facilitated. By W. HiPSLBY. 2S. 

86. ALGEBRA, the Elements of. By Jamf.s Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s. 
16** A Key and Companion to the above Hook, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessaiy in Algebraical Operatlont. By J. R. Youna it. 6d. 

88. EUCLID^ The Elements of ; with many additional Bromidtions 

80. and Explanatory Notes : to which I;; prefixed, an Itttrodnctoiy Atiay on 

Logic. By Hknry Law, C.E. 2s. 6d.i 

Sold also separately, viz. .*— 
88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 
89» Euclid, Books 4, 5, 6, 11, 12. Hy Henry Law, C.E. is. 6d. 

^ANALYTICAL GEOMETRY AND CONIC SECTIONS^ 
By Jambs Hann. A New Edition, by Professor J. R. Young. 2s. t 
PLANE TRIGONOMETRY, the Elements of. By James 
Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By jAMBS 

Hann. Revised by Charles H. Dowling, C.E. xs. 

Or with " The Elements of Plane Trigonometry,^* in One Volume, is. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakkr, New Edition by E. Nvgbnt, C.£. llluttrated. is, M. 

101. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSE, F.R.A.S., 8tc. is. 6d. 
I03. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homhrsham Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudimentaiy, fcr the Use of Schools and Self- 

Instruction. By Jamm Haddow, M.A. Revised by A. AnwAif. is. fML 
f37, A Kky to riArn ov's RiDiMHN rARV Arithmetic. HyA.ARMAN. is. 6d. 

fggr TJke t indieatu that tke$€ voi», may b€ had tirongly bomtd at td ,Mxira. 

7, stationers' hall court, ludgate hill, e.g. 
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Mathematics, Arithmetic, etc., continued. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instniments emplored ia Geometrical and Mechanical Drawing, 
and in the CJonstj uction, Copying-, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Aritlinietical Computations. Hy J. F. Hhathbr, M.A. Illustrated, is. 6d 

169. OPTICAL INSTRUMENTS, Including (more especiaUy) Tele- 

scopes, Mtcroscopes, and Apparatus for producing copies ofMftps and Flaas 
by rhotoirraphy. By J. F. Heatmhr, M.A. Illustrated, is. Od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. HyJ. F. Heat??kr, M.A, Illustrated, is. 6d. 
The above three wlumes form an enlargement of the Author's original work 
** AMkematicai Instruments " {See No, 3s mi the Series,) 
xfA.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

160. > M.A. Enlarged Kdition, for the most part entirely re-written. Tlie 3 Parts at 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all P)usinc ss Calculations with 
unexampled rapidity and accuracy. By Charles Hoa&b, Fifth 
Edition. With a Slide Rule in tuck of cover. 28. dd.X 

196. THEORY OF COMPOUND INTEREST AND ANNUh 

TIE.S ; with Tables of Losfarithms for the more DifiScult CompUtatioiia of 

Interest, Discount, Annuities, 8cc. Hy FfinOR Thoman. 4s. t 

199. THE COMPENDIOUS CALCULATOR; or, Easy and Concise 
Methods of Perfonning the various Arithmetical Operations reonired la 

Commercial and Business Transactions ; together wit n Useful Tables. By 
I>. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. NORRIS. 
2S 6d., cloth limp ; 3s. 6d., strongly half>DOund in leather. 
SO4. MATHEMATICAL Z4.fiZ-fe\V, for Trigonometrical, Astronomical, 
and Nautical Calculations; to which is prefixed a Treatise on Logarithms. 
By Hknry Law, C.E. Together with a Series of Tables for ^iavigation 
and Nautical Astronomv. By Prof. J. R. Youno. New Edition. 4s. 
ao4». LOGARITHMS. With Mathematical Tables for Trigonometrical, 

Astronomical, and Nautical Calculations. By Hhnry LAW,M.Inst,C»E, New 
and Revised Edition. ( Forming part of the above Work). 3s. 

321. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woot hoi'sk, F.R.A.8., F.S.S. Sixth Edition. 2s. t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVB ARTS. Illustratingr the various processes of Mathematical lavedi- 

gation, by n^eans of Arithmetical and Simple Algebraical Equations and 
Practical Examoles. £v Francis Campin, C.E. Second Edition. 33.) 



PHYSICAL SCIENCE, NATUJRAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownes, F.R.S. With 

an Appendix 00 the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study B? 

C. ToMLiNSON. Woodcuts, is. 6d. 

6. MECHANICS, Rudimentaiy Treatise on. By CfiAELSS TOM- 

LiNSON. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions bv R. Sabinb, C.E., F.S.A. is. 6d. 

7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabink, C.E.^'F.SJL. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. .Sxow Harris. New Sditirav 

, rev ised by H. M. Noad, I*h.D. With 165 Woodcuts. 3s. 6d4 

feg: i he X indicates that these twls. may be had strongly l>ound at td. extra. 
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Physical Science, Natural Philosophy, etc., continued. 

II. THE ELECTRIC TELEGRAPH; its Histoty and Ftogresss 
withDescriptiontof aoraeoftbeAppaxatm. By R. Sabinb, C^., F.S.A. 3*. 

IS. PNBUMA TICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of ReRinners By CUARUS Tommnsov, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. [Just pubinht J. 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Poatil SfaeUs. By Dr. S. P. WooowakDi AX.S. Fomth Bdition. WtCh 

Plates and joo Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Tliird 

Edition, by William Thvnne Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

enibracin|r also a clear development of Hydrostatics, Hydrodjuamics, and 
Ce ntral Forces. I'y T. Baker, C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General PoRT- 

i.ock's " Rudiments of Geolog^'." By Ralph Tate, A.L.S., 8cc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on IMajor-General 

Portlock's " Rudiments." liy Ralph Taib, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

i( Historical. Partly based on Major-General Portlock's " RadiBMBta of 
X74. Geology," By Ralph Tatk, A.L.^., F.G.S., 8cc. In One Volume. 4s. 6d.| 

I«3 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
^ formerly Professor of Natural Philosophy and Astronomy in University 

,Q. College^ Loud. With 520 Illustrations. In One Vol. 7^ 6d<y dotil boaidt. 

^* *^ Sold also in Two Paris, as follows : — 

183. Animal Physics. By Dr. Lardnbr. Part 1^ Chapters I.— V II. 4s. 
iB4. Animal Physics. By Dr. Lardnbr. Part II., Cbapten VIII.— XVni. jt. 

269. LIGHT : an Introduction to the Science of Optic-, for the Use of 

Sti! ^ nt s of Architecture, F.nsrineering, and Other Applied .'Sciences. By E. 
liV'YNDUAM Tarn, M«A. is. 6d. , [!J*^^ publnhed. 



FINE ARTS. 

so. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, ftc. By Gborgb Pymb. as. 
40 GLASS STAINING, AND THE ART OF PAINTING ON 

GLASS. From the Gorman of Dr. Gesskrt and Emanubl OttO FrOK- 
BKKG. With an Appendix on luE Art ok Enamklling. 2s. 6d. 

69* MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charlbs Child Sssncbr. as. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer* 

cises & Lessons from the Best Masters. By Charlss Child Spencer. is.6d. 
MUSIC THE PIANOFORTE, In one vol. Half bound, 5s. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum, Pottery, Enamel, Glass. &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Fifth Edition, revised and enlarged. 53.^ 

l86« A GRAMMAR OF COLOURING, applied to Decomtiiw 

Painting and the Arts. V^y Georgr Fibld. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer* By Slus A» 
Davidson. With two new Coloured Diagrams, &c. 3s.$ 

146. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 

PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of I'aint'nir, Rc. With Notes on the Copyists 
and Imitators of each Master. By Pun.irri-: Daryl. 2S. 6d.t 

TJU X indtcaies that these vols, may be had strongly bound at 6d, extra, 
7, stationers' hall GOURTy LUDGATX HILLi S«C« 
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INDUSTRIAL AND USEFUL ARTS. 

93. BRICKS AND TILES, Rudimentary Treatise OH the K ftmiftc- 

ture of. By E. DoBSON, M.R.I.H.A. Illustrated, 354 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. Hy Sir Edmund Bkckbtt, LL.D., Q.C, Seventh Edition, revised aud en- 
larged. 4s. 6d. limp ; 5s. 6d. cloth boards. 
%l^*.CONS7 RUCTION OF DOOR LOCKS. Compiled from the 
Papers ot A. C. Hohhs, and Edited by Charles Tomlinson. F.R.S. 2s. 6d. 

161. THE BRASS FOUNDER'S MANUAL; Instrucdons for 

Modelling, Pattern-Making, Moulding, Turning, Filing, BnndaliiBgt 
Bronzing, &c. With copious Receipts. &c. By Walter Graham. 2s4 
205. THE ART OF LETTER FAINTING MADE EASY. By 
J.G. Badknoch. IllllstTatsd with isfnll-page Engravings of Examples, xs. 6d. 

IIS* THE GOLDSMIIITS HANDBOOK, containing fuU Instruc- 
tions for the Alloying and Working of Gold. By Georgb E. Gbk, 3s. t 
225. THE SILVERSMlTirS HANDBOOK, containing fuU In- 
structions for the AlloyiiiK .md Working of Silver. By George E. Geb. 3t4 
The two ^rwcedtng Works^ in One handsome Vol., half -bound, €mittUd **TaM 

GoLTJSMITh's 8c SiLVKRSMITH's COMI LKTH HANDBOOK,*' yX. 

249. THE HALL- JJ A R KING OF JEWELLERY FR ACTIO ALLY 

CONSIDERED, \\\ Gbokob B. Gbs. 334 
224. COACH BUILDING, A Practical Treatise* Historical and 

T)<» u riptive. By J. W. Bl'robss. 2s. 6d.t 
235. FRACTICAL ORGAN BUILDING, By W. E. DiCKSON, 
M.A., Precentor of Ely Cathedral. Illustrated. 2S. 6d.I 

262. THE ART OF BOOT AND SUOEMAKING, ByJoHK 

Bedford I eno. Xumorons Illustrations. Third Edition. 2s, 

263. MECHANICAL DENTISTRY : A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formulie, 
TaMes. R« c iMpts, &c. Rv Charles Hunter. Third Edition. 3s. * 
270, WOOD ENGRAVING : A Practical and Easy IntrodttCtiOB to 
the Study of the Art. By W. N. Brown, xs. 6d. 



MISCELLANEOUS VOLUMES. 
16. A DICTIONARY OF TERMS used in ARCHITBCTURB, 

IiUl/.n/NG,BNG/NEERlNG, MINING, METALLURGY, ARCH^* 
OLOCY, the FINE ARTS, ^c. By John Weale. Fifth Edition. RevM 
by KoBKKX Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. THE LA JV OF CONTRACTS FOR fVORKS AND SBR* 

VICES. By David GiBnoNs. Third Fdition, enlarged. 3s. t 
112. MANUAL OF DOMESTIC MEDICINE. By R. GooDiNO, 
B.A., M.D. A Family Guide in all Cases of Accident and Emergency. asJ 

112*. MANAGEMENT OB HEALTH. A Manual of Home and 

Per<5onal Hygieoe* By the Rev. Jamfs Baird, B.A. is. 
150. LOGIC, Pure and Applied. B^ S H. Emmens. is. 6d. 
153. SELECTIONS FROM LOCKE'S ESSAYS ON THB 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. as. 
154* GENERAL HINTS TO EMIGRANTS. 2S. 
157. THB EMIGRANTS GUIDE TO NATAL. By RoBBKf 

Jamhs "NT ANN. F.R.A.S., F >T S. Second Edition. Map. 2S. 

193, HANDBOOK OF FIELD FORTIFICATION By Maior 

W. W. Knollvs, F.R.G.S. With 163 Woodcuts. \%.% 

194, THB HOUSE MANAGER: Being a Gnide to Honsekeeping. 

Practical Cookery, Pickling and Preserv ing, Household .Wolk* Daily 

IManap-oment, 8tc. By An Old Hoi shkheper. ;,«;. 6d.t 

194. HOUSE BOOK {The). Comprising :— I. The House Manager. 
1x2 & Bv an Old Housekeeprr. II. Domestic Medicine. By R. Gooding, M.D. 
1 12^. I^I* Manacbment op Hbalth. By J. Baixs. In One vol., balf-bonnd, tia* 

mS^ The X indicates thai these vols may he had sfronj^/y bound at td. extra. 
LONDON : CROSBY LOCKLWOOD AND SON» 
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EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Ori^^in and Progress of the Eni^lish Constitution. By 
William Dm gi.as Hamiltoit, F.S.A., of Her Maje«ty*t Pablie R6cora 
Office. 4th £di tion, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Dour.ij^s Hamilton. 
of University College, London, and Edwaxd Lsvibn, M.A., of Balltoi 
College, Oxford. 2s. 6d. ; clotit boards, jt. 6d. 

7, Rome, Outlines of the History of: from the Earliest Period 
to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvien, of Balliol College, Oxford. Map, 2s. 6d. ; cl.bds. 3s.6d. 

^ Chronology of History, Art, Literature, and Progress, 

iirom the Creation of the World to the Present Time. The Contimtation by 

"W. D. Hamitton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rer. E. Rani>. is* 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hyob 
Claekb, D.C.L* Fourth Eifittoo. if.6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydk Clarkk, D.C.L. 
3s. 6d. ; cloth boards, 45,61!. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Bkbnan. 
x8Uk Edition, xa. 6a. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Gre( k. Latin, Saxon, (ictnian, Teutonic, Dutch, French, Spanish, 
and other L;inguages ; with their present Acceptation and Pronunciation. 
By J. RowfiOTHAM, F JI.A.S. Improved Edition, it. 6d. 

51* The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. Hy M. T^attain, Virar-Gonpral and Professor at the 
Sorlxjnne. Translated from the French. 8th Kdition, carelully corrected. 2s. 6d. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edoar Rand, B.A. It. 

54. Analytical Chemistry, Qualitative and Quantitative, a Coune 

of. To which is prefixed, a Brief Treatise upon Modern Chemical Nomenda* 
tare and Notation. By Wm. W. Pink and Gboros £. Wsbsxsr. at. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honoraiy Canon of Ely; 

ibrmerly H.M. Invjvrtor of Schools. 
Introductokv Pkimkr, 3</. 



First StamdARD • .06 

Second „ , . o 10 

TlilKD „ . . z o 



Fourth Standard • • • i 2 
Fifth „ . • • .16 

Sixth »» • . • .16 

Lbssons rROH TttB BiBLi. Part I. Old Testament, xs. 

Ijmsons from thb Biblb. Part n. New Testament, to which is added 
The Geography op the Bible, for very young: Children. By Rev. C. 
Thornton Forster. is. 2d. Or the Two Parts in One Volume, as. 
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WEALB'S EDUCATIOHAL AND CMS^ffTAfr SERIES. 



FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of Fn nch Noun«. P.y G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, tec. By Alfred Elwbs. is. 6d« 

86* English-French Dictionary. Bv Alfred Elwes. 2s. 
I5,a6. French Dictionary (as above). Complete, In One YoL, 3s.; 

cloth b-.ards, 3s, 6d. \* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col* 
lection of nutable Flinues, aad Easy Familiar DialogOM. it. tid. 

GERMAN. 

3^ German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader ; A Series of Extracts, carefully culled from the 
most approved Authors of Germany* with Notef, Ffailological and Ex- 

pl.uiDtory. Hy G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-Frcnch-English. Part II. English-Get- 
man-French. Part III. Frcnch-Qerman-£ngli«b. 3s., or cloth boardf, 4t» 

41-43 German Triglot Dictionary (as above), together with Gennan 

St 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

17. Italian Grammar, arranged in Twenty Lessons, with a Coune 

of Exercises. By Alfrkd Fi whs. is. 6<1. 

2S. Italian Triglot Dictionary, wherein the Genders of all the 
Italian and French Nouns are caretully noted down. By Axf rko Elwss. 
Vol. 1. Italian-Englisb-French. as. 6d. 

30k Italian Triglot Dictionary. By A. Elwes. Vol s. 

Enj^lish-Frenrh-Italian. ?«;. 6f!. 

32. Italian Triglot Dictionary. By Alfjied Elwes. Vol. 3. 

French-Italian -English, as. 6d. 

s8,3o^ Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 
3a. Cloth boards. 



SPANISH AND PORTUGUESE. 
34* Spanish Grammar, iu a Simple and Practical Form. With 

a Coune of Exercisea. By Aintan Elwbs. is. 6d. ' 
35. Spanish-English and English-Spanish Dictionary. 

Including a larg^e number •f rrrhnical Terms used in Mininpr, Engineering, &c. 
with the proper Accents and the Gender of every Noun. Hy Alfred ElweS 
4s. ; cloth boards, 5s. *«* Or with the Grammak, cloth boards, 6s. 

55, Portuguese Grammar, in a Simple and Practical Forai* 

With a Course of Exercises. By Alfred Elwks. is. 6d. i 

56. Portuguese- English and English-Portuguese Dio- 

ttonary. Including a large number of Technical Terms used in Ifinhifft , 

Engineering, See, with the proper Accents and the Ger der of every Noun. 
By Alfrbd Elwbs. Second Edition, Revised, 5s. ; cloth boards, ^. %* Or 
with the Gramkar, cloth boards, 79, 

HEBREW. 

46». Hebrew Grammar. By Dr. Brfs.slatt. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Fosl- 
Rabbinical Writings. By Dr. J^resslau. 68. 

46. English and Hebrew Dictionary. By Dr. BUSSLAU. 3s. 
H,46. Hebrew Dictionary (as above), in Two Vols., complete with 

46*« the Grammar, cloth boards, 12s. 

LONDON ; CROSBY LOCKWGW AN0 SOn7 ' 
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LATIN. 

19. Z«atin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction, the Rev. THOMAt GOODWIIIt 
M.A., Iload Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-EagUsh Dictionary. By thcKev. Thomas GooDWm. 

M.A. 2s. 

2», English-Latin Dictionary ; together with an Appendix of 
French and Italian Words which have their origin from the Latui. By tko 
Rev. Thomas Goodwin, M.A. is. 6d. 
10,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d« 
doth boardt, 4s. 6d. Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes In English. 

1. Latin Delectus. Containine Extracts from Classical AtiUion, 

with Genealogical Vocabularies and Exi>lan:itory Notes, by H. Young, is. 6d, 

2. Caesarls Conimcntarii de Ikllo Gallico. Notes, and a GeographicaJ 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica ct Geor^ica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by 11. Young, is. 6d. 

5. Virgilii Maronis il^^neis. With Notes, Critical and Explanatory, 

bjy H. YouNO. New Edition, reinied and improved With copious Adm- 
tional Notes by Rev. T. U. L.LBARY, D.C.L., tormorlj Scholar ot firaaenoii 
College, Oxford. 3s. 
5* —— Part I. Rooks i.— vi., x«. 6d« 
5 Part 2. Books vii.— xii., St. 

6. Horace ; Odes, Epode, and Carmen Saeculare. Notes by H* 

Young, is. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

RiGO Smith, M.A., F.R.O.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jngurthiniim. Notes, Critical 

and Explanatfiry, by W. M. Donnk, B.A., Trin. Coll., Cam. is. 6c]. 

9. Terentii Andria et Heautontimonimenos. With Notes, Critical 

and Explanatory, by the Rev. Jamks I^avihs. M.A. is. 6d. 

10. Terentii Adelplii, liecyra, i^horniio. indited, with Notes, Critical 

and Esiplanatory, by the Rev. Jaiibs Davibs, M.A. as. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Dayibs, M.A. 

IS. 6d. 

la. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 
Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catflinam, Venem, et pro Arcbia. 

With Introduction. Analvsi<^, .ind Notes, Explanatory and Critical, by Rev. 
T. H. L. Lharv, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, La^lius, Brutus, sive dc Senectnte, de Ami« 

citia, de Claris Oratoribiis Dialogi. With Notes by W. Brownrigo Smith, 
M.A., IT.R.G.S. 2s. 

iC Livy : History of Rome. Notes by H. Young and W. B. Smith, 

U JL Part I. Books i., ii., xs. &d, 
l6*. Part s« Books iii., iv., v., is. fA. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. R. Donnk, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintiltaa, Floras, Vetlei us Paterculus, Valerius Mazimes Sueto- 
nitis, Apiilt iu5, &c. Notes by W. R. Donmb, M.A. as. 

II, Juvenalis Satira;. With Prolegomena and Notes by T« H. S« 
EscoTT, B Jl., Lecturer on Logic at King's College, London, as. 

7y stationers' HALL COURT| LITOATS HILLf B.a 
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GREEK, 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Rosearclies of the most eminent Scholars of our own day. By Hams 
Claude Hamilton. tt.6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

tlM'ir Significations, Inflortions, and Doubtful Quantities. Ry Henry R. 
Hamilion. Vol. I. GrtH k- English, as. 6d.; Vol. 2. English- Greek, 2S. Or 
the Two Vols, in One, 4s. 6d. : cloth boards. 5s. 

14,15. Greek Lexicon (as above). CompletCy with the Gkammas, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in En gUsh. 
1. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. YoUNO. New 
Edition, with an improved and enlar^^ed Supplementary Vocalmlary, by JOHM 

Hutchison, M.A., of the Hi^'h School, Glasgow, is. 6d. 

2, I, Xenophon's Anabasis; or, The Retreat of the Ten Thousand, 

Notes and a Geographical Register, by H. Yovva Part t. Bookl 1. to iH., 
IS. Part 2. Hoolts iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. YoUNG. is. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein, 
With Notes, Critical and Ezplanatorjr, drawn from tbe best and latest 
Authorities, with Preliminaij Obtervatioat and Appendices, byX. U. I*. 
Lkary, M.A., D.C.L. — • . , ... • 

FiiB Iliad . Part i. Books i. to vi., is.6d. Part 3. Books ziii. to xviii., x«. 6d. 

Part 2. Books vii. to xii., is.6d. Part 4. Rooks xix. to xxiv., is. 6d. 
i'HB Odyssby: Part I. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., zs. 6d. 

Part 2. liooksvii.toxii., is.6d. Part 4. Books six. to «dr., and 

Hymns, 2s. 

It. Plato's Dialogues: The Apology of Socrates, the Crito, and 
tbe Phasdo. From the Text of C. F. Hurmann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, MA. as. 
14-17. Herodotus, The History of, chiefly after the Text of Gaispokd. 

With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leaky, M.A., D.C.L. 

Parti. Books i., ii. (The Clio and Euterpe), IS. 

Part 2. ]^ooks iii., iv. ('l*he Thalia and ^Ielpomcne\ 2s. ^ 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Poiymnia), as. 

Part 4. Books viii., ix. (Tbe Urania and Calliope) and ladaz, IS. Od. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles; Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milnbr, B.A. ss, 

tx. Euripides : Hecuba and Medea. Chiefly from the Text of Dm- 
DORF. With Notes, Critical and Bsplanatoiy, by W. Browmuog SMira» 

M.A., F.R.G.S. IS. 6d. ^ , . r xtt ^i. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John MiLNBR, B.A. is.6d. 

xo. ^schylusrPrometheasVinctus: The Pirometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and fisplaaatoiyt 
by the Rev. Jambs Davibs, M.A. is. 

la, ^schylus: Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Xz- 
planatoiy, by the Rev. jAMBa Davibs, M.A. is. _ ^ „ 

40. Aristophanes ! Achamians. Chiefly from the Text of U H. 

Weise. WitbNotos.byC.S. T.Townshend, M.A. is.6d. 

41, Thucydides : History of the Peloponnesian War. Notes l>y H, 

Young. Hook x. is. 6d. ■ w^a.^ j w . _ 

42. Xenophon's Panegyric on Agesllaus. Notes and Intro- 

diu tion l.v Li.. F. W. Tkwitt. is. 6d. T^^ ■^• 

43, Demosthenes. The Oration on the Crown and the Fhihppics. 
With English Notes. By Rev. T. H. L.Lbary, D.C.L., formerly Scholar of 

Brasenose C ollege, Oxfofd. ss. 6d. 
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MECHANICAL ENGINEERING, etc. 



JTetcf ^FoekeUBook fw Mechanical Engineers. 

THE MECHANICAL ENGINEER'S POCKET-BOOK OF 
TABLES, FQRMULAl, RULES AND DATA. A Handy Book of Rcfrrrnc* 
for Daily Use in Engineering Practice. By D. Kinn£ar Clark, M.Inst.C.K., 
Author of *' Railway Machinery," " Tramways," &c. &c. Small 8iro, nearly 
700 pagc». With Illustrations. Rounded edges, cloth limp, 75. 6i. ; or 
leather, gilt edges, qs. [Juit fublishfd^ 

Jffeiv Manual for JPractical Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK Comprising 
a Treatise on Modern Engines and Boilers : Marine, Locouioiive and Sta- 
tionary. And oontaininf^ a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constrncting all kinds of 
Engines, Boilers, and other Eneineerine work. The whole constituting a 
comprehensive Key to the BoardTof Trade and other Examinations for Certi- 
ficates of Competency in Modern Mechanical Engineering. By Walter S. 
HuTTON, Civil and Mechanical Engineer, Author of " The Works' Manager's 
Handbook for Engineers,*' Ac. With upwards of 370 Illustrations. Fourth 
Kriition, Revised, with Additions* Meotam 8vo, nearly 500 pp.. pricp 185. 
Strongly bound. Ij'-ist published. 

This work is designed as a companion to the A uthor's Works* 
Manager's Hand-book." It possesses many new and original features, aud con' 
tains, like its predecessor, a quantity 0/ matter not originally intended for publica- 
tion, but collected by the a uthor /or Ail own Uiemth$ construction 0/ a great variety 
0/ modern engineering work. 

*»* Opinions of the Press. 

*' AtiiormiKtily rood pntctical h.in(U)ook. which no engfaiMT can go through witliout learning 
aoinct^infr that will be of service- to him. "— .\ fa nne Ffti^^hifer. 

** An excellent book of rufcrc^iicc for en^cers, aud « TSluable text-Look for students uf 
^gineering. "— 5ro/x«MM. 

*' This valuable namal embodies the results and expeiiance of the laadiog authotities o» 
loeclunlcal m^atutngJ^-^Bui/di/i^ New. 

" The author has collected together a surprising quantity 0< rules and pmctical data, and has 
shown much Judgment in the selections he has made. . . . There is no doubt that this book is- 
mam of the moat uieful of its kind pubiishedi and wtti bo a very popular compendium."— i^iVVMM''* 

" A mass of information, set down in simple language, and in such a form that it can be easily 
teferred to at any time. The matter is uniformly gooci and well chosen, and is greatly elucidated 
by the illustrations. The l o .k will fitul its way on to most eni;incefS* fltelTes, whettl It wili rank aS 
one of the most useful books of reference."— /'rarrtra/ En£tHttr. 

** Should be firaad op tbe office shelf of all ptactieal fa^fiBmm***'-'Sngtish Mt^nte^ 
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Handbook for IForks' Managers, 

THE WORKS' MANAGERS HANDBOOK OF MODERN 
RULES. TABLES, AND DATA. For Engineers, Millwrights, and BoUer 
Makers; Tocl Makers, Machinists, and Metal Workers; Iron and Brass 
Founders, Ac By W. S. Huttom, C.E., Author of "The Practical Engineer's 
Handbook." Fourth BditkMij canAiUjr Revised, and partly Re-written. In 
One handsome Voiomi^ medium 9wo, 151. strongly bound, [yvst published, 
tsr The Author 'Having comtUrd Rulfs and Data for his own vse in a great 
variety of modem engineering work, and having found his notes extremely useful, 
decided to publith fMi— fMrtsnf to dat §— Mu9 nig that a practical work, suitM to 
DAILY REQL'iREMENTS OF MODERN ENGiSEERS, would be fovourably received. 
In the Third Edition^ the fulloving among other additions have been made, vis.: 
Mtdes for the Proportiem of Rtveted Joints in Soft Steel Plates,the Results of Experi^ 
mrnts by Professor Kevuf.dy for the Instiftition of .\fecka>ucal Engini crs — Rules 
for the Proportums of Turbines— Ruin for tlu Strength 0/ HoUow Shafts of Whrn" 
worth's Omprnsid StsHi &e, 

*,* Opin:'"»n; of the Press, 

"The muthor treats every subject fr«.:u the point of view of one who has coCected workshop 
Mies fin- application in workshop practice, rather than from the theoretical or Ir.erarj- aspect. The 
vohme contains a great deal Of that kind of informatloa which it gained only by pfactical«q>«ri> 
eoce. and is seldom written in hoo'k%j"—Bf^f$€er, 

"The volume is an exce«dini;ly useful one. bHmfu! with enjrineers' note*, m-moranda. and 
rules, and well wirthv of l>ein2 o.i even' n-.cchaaical engineer's bookshelf." — .*>fei kanual H'orld. 

"The intorniati :>n is precisely that lil^ely to be required in practice. . , . 1 he work fornis i 
desirable acl iir r.n to ihc library not -^nly of the v ^rka manas;er, but of anyone connected wiili 
genera) engi •■ ■i i i^'.' — A/inin^ you > nu.. 

"A fornii i.Able mass of tacts and fiifures, readily accessible tlirotiph an elaborate index 
• . . . Such a volume will be found absolutely necessary as a book of rct'ereaoeia •& SMtS 
Of 'works' connected witli the metal txaA»i,"^Rykuurs iron Trades drctUar, 

** Brimftil of useftil Information, stated In a coodse fbfn, Ux, Mutton's books ha^ met a press* 
ing want among engineers. The book mosk ptore eatteoMfy ttsefiil lo every practical oua 
possessing a copy."— Prac:i<al Fn£ itiefr. 

Practical Treat ise on Modern Steam- JioUers. 

STEAM-BOILER CONSTRUCTfON, A Practical Handbook 
for Engineers, Boiler- Makers, and Steam Users. Containing a large Col- 
lectio;. of Rules and Data relating to the Design, Construction, and W orking 
of Modem Staii^iiarv, Locomotive, and Marine Steam-Boilers. ByVVALXtR 
S. HuTTOH, C.E,, Author of "The Works' Manager's Handbook," &c. 
With upwards of 300 Illustrations. Medium 8vo, iSs. cloth. [J^? f-uhHshed. 

"Every detail, both in boiler design and manajjeircnt, is clearly laid before the reader. The 
volume sho AS that boiler cnnstri:cii<'n nas been reduced to the conditinn of one oftheD)o>t eiact 
sciences; and such a book is of the utmost value to the >f siec/e Engineer and Works' 
VLaa*gm.**'^Marine En£ifteer. 

"There has k>ng been room for a modem handbook on steam boilers ; there is not that lOOai 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for tbo&e who are ocCB* 
pted in the construction, design, se cction, or use of boilerB.''--^«vi»«rn 

^*T1ie Modernised Templeton,'' 

THE PRACTICAL MECHANICS WORKSHOP COM- 
PAN ION. Comprising a great variety of the most useful Rules and FormolA 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. By Wh.li.*lm Temple- 
ton, Author of "The Engineer's Practical Assistant," &c. &.c. Sixteenth 
Edition, Revised, Modernised, and con.siderably Enlarijed by Walter S. 
Hutton. C.B., Author of "The Works' Manager's Hsdidbook," "The 
Practical Enpineer's Handbook," &c. Fcap. 8vo, nearly 500 pp., with Eight 
Plates and upwards oi 250 Illustrative Diagrams, 6s., strongly bound for 
workshop or pocket wear and tear. (jittl publishti* 

*»* Opinions of the Press. 

" In Its modernised form Hutton's ' Templeton ' should have a wide sale, for It conta'.ns much 
valuable infonn.ition which the mechanic will often find of use, and not a few tables and nor e<^ which 
be mis^t look for in vain in other works. This modernised edition wi be appreciated by ail who 
have learned to value the original editions of * Templeton.' ' —EnpHsh Mtehttnic. 

**It has met with great success in the engineermg workshop, as we can testify: and there ara 
a great many men who, In a great measure, owe their rise in life to this h'ttle book."— JtoCfiMv ^'W^ 

" This familiar text-book— well known to all mechanics and enuim^'^rs— is of essential servi ceto 
the every day requirements of engineers, millwrights, and the various trades connected witti 
en^nneering and building. The now modernised editfoB is wolth its wcii^ iagold.''— AfMi^f 

A fU's. (Second Notice.) 

" This well-known and largely used book contains information, brought up to date, of the 
sort 50 useful to the foreman and draughtsman. So much fresh information has been iiitroducid 
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Stone'tvorking Mach i n eiry. 

STONE-WORKING MACHINERY, and the Rapid and Economi- 
t«l Conversion of Stotu. With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Balk, M.I.M.E. With Illusts. Crown Uvo, 9s, 
"Shntild )><^ in the hands of every ma&oa or student of stone^work."— CoZ/irrj^ Ouardian, 
" A capirai iian ibookior att who oiaiilpttlat* itQM Cbt biilUUiiff or ofiwiMiittI fvurposea*"^ 

Uachinery Mar/tet, 

Pumjy Construction and 3Ianagem€nt, 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
Notes on Selection, Construction and Management. By M. Powis Bale, 
M.I.M.E., Author of " WoodworkinR Macliinery," i<cc. Crown 8vo, 25. 6d. 
" The matter is set forth as concisely as possible. In fact, condcn«ation rather than diffuseneat 

tet been the author's aim throu;;houe; yet M does sot teem to liave omitted aaytlUnif likely to be 

of use." — Journal 0/ Gas LisMing. 

Milling Macliinery, etc, 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work." With upwards of 300 Engravinss. Large crown 8vo r?^. 6d. doth. 

Turning, ^"^^ published. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 
and Froc4sses employed in the Art of Turning, By Paul N. Uasluck. 
Ponrth Edition, Revised and Enlarged. Cr. 8to, 5s. cioth. 

Written by a man who k:v > v ^, not only how wcrk n::i;ht to be done, but who also knows how 
to do it, and hovr to convey hi.s Icnowlcdije to otliers. Tu all turners this book would be valuable." 

" We can safely recoaunend the work to young engineers. To the amateur It will simply be 
iavaliMble. TotlwtlndeiiCltwmooiiveyacmtdealof lueMlBfttiiiatloa."— ^i^^ 

SCREW THREADS : And Methods of Producing Them. With 

Numerous Tables, and complete directions for i^-in^ Screw-Cutting Lathes. 
By Paul N. Hasluck, Author of " Lathe- Work,' &c. With Fifty Illustra- 
tions. Third Edition, Bnlarged. Waistcoat'^iocket sice, u. 64. cloth. 

" Full of usf;fu1 Informntion, hints and practical criticism. Taps, diet and SCrmHog'toelS gMd' 

rally are illustrated and their action Aacrin^i." — Mechanical JVorld. 

" I' is a complete coiriprnditim of all the details of the screw cutting lathe; lo&Cta muUutH* 

^'/•arvo on all the subjcctb it treats upon."— Ctir/r;»/'^r j;j.Y h'uildtr. 

Smith's Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, BNGINSSRS, ARCHITECTS, BUILDERS, etc. 

Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Re%'ised 
and Enlarged, with a New Section of Elkctrical Tables, Formula, and 
M E M o RAN DA. Waistcoat-pockct size, is. 6d. limp leather. {Jusi published, 

" It would, prr' aps, be as difficult to inaV:« a small pock«t-tx)ok selection of notes nnd formub-e 
to suit ALL en^'inccrs as it would be to make a universal medicine; but Mr. Smiths waistcoat- 
pocket collectiun n:ay i>e look'-d in as a successful attempt." — Snji^tTirrr. 

" The best example we havo ever seen of 350 pages of usefol matter padced into the dimca- 
tas of a caid<ase.<-M;Af<V Ar««ir. «* A vetitable pocket tfeasiuy of knowledge." 



Engineer's and Machinist's Assistant, 

THE ENGINEER*S, MILLWRIGHT'S, and MACHINISTS 

PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 
By William Tbmpleton. 7th Edition, with Additions. i8mo, zs. 6d. cloth. 
" O ccupies a foremost place among books of this kind. A more suitable present 10 ta apptea- 
tice to anjr of the mechaoical tfades could not poatihly be made."— ^M^AAEfy 

**A desenredly popular. wwk, it iboold be in tM 'diairer* of ereiy aMdiaide.'*->i?>V^A 

JLroix and Steel* 

IRON AND STEEL*' : A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for Iron- 
masters ; Managers of Bar, Rail, Plate, and Sheet Rolling Mills : Iron and 
Metal Founders ; Iron Ship and Bridge Builders ; Mecnanical, Mining, and 
Consulting Engineers ; Contractors, Builders, &c. By Charles Hoars. 
Eighth Edition, Revised and cousiderabiy Enlarged, aamo, 61. leather. 

•*One(tf the best of the pocket books.''— Af«cA«if^.. . . « . . . 

** We coidlalhr fecommend this book to those engaged In conslderfng the details of all Unds of 
fvoD and steel trons.'*--AiR««/ Stimee% 
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Mnuineeriug Construction^ 

PATTERN-MAKING : A Praeiiail TreaHse, embracini; theMidn 

Types of Engineering Construction, and including Gearing, both Hand and 
Machine made, linirine Work, Sheaves and Pulleys, Pipes and Colnmns, 
Screws, Mactuue I'arts, Fuuips and Cocks, the Moulding ot Patterns in 
Loam and Greensand. &c., together with the methods oi Estimating tbe 
weight of Castings; to which i;? a<ided an Appendix of Tables for Workshop 
Re'erence. By a Foreman Pattern Maker. With upwards of Three 
Hundred and Seventy Illustrations. Crown 8vo^ 7t. M. doth. 
*' A well written technical guide, evidently written bjr a mm who imdentands and hai pno> 
tited what he has written about. . . . Wee^rdMlyivcommendft toeogineeiiiiestttdciitikyMaC 
Joiiraeyiuen. and others desirous ofbeinc initiate 1 into the mysteries of patttrti-tnaking.**— ^iWitr. 
••We can confidently recommend this ccmprchensive treatise.' — Buildi»f^ News. 
" Likclv to |)ro%e a welcome g-uidc to many workmen, especially to drau^'htsmen who hare 
lacked a training^ in the shops, pupils [lursiniiij their practical studies in our factories, aisd to em- 
phiyers and mana^^ers in cii^'ineenutj v>ork.s.' —//arditare Trade 'ycumal. 

"More than ':;7o illustrations help to explain the text, which is, however, always clear and ex- 
( lici'- thus renderiits; the work an excellent vmdt mt€Mm fef the appcwuiowbodeaimta b ac o — 

niav^r of his trade.'— Mechanic. 

Dictionary of Mechanical Engineering Temns. 

LOCKwoorrs dictionary of terms used in the 

PR A CTICE or MKCIIA MCAL ENGINEEKIKG, embracing those current 
in the Drawing C iTice, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, 6c :. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman Pattern-Maker, Author of •'Pattern Making." Crown 8vo, 
7s. 6d. cloth. 

** Just the sort of handy dictionary required by the variou* trades engaged hi mechanical eoc 
gineering. The practical engineering pupil will Imd the boolc of great vawe in bis atudiei, and 
efenr foreman engineer and mechanic should have a copy."— BuiutiMig Ntws. 

••After a careful examination of the book, and trying all manner of words, we think that the 

engineer will hrrc find all he is likely to require. It will be Iarg«'Iy used." — Practual l-ni;incer. 
**(>nr of tlie most useful bookb which can be presented to a mechanic or student."— 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 
a happy idea to combine w ith a dcfinitioii of the phrase lueful infonuatioa oa the subject of wUcb 
it treats."— J/a<-/fmtf»:y A/mrAet. 

" N:. word having connection with any branch of constructive en;;^iaceriag feemt tO be 
omitted. No more compieheesive work has been, so lat, bsned. —'Kn«wle«fgt. 

"Wo strongly conunend this ttseftd and rdiable adwer to ei» fitieBds in Che workshop, endtt 
students every where."— CMSMrry Guarditu*, 

Steam Boilers* 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilsom, C.E. Fifth Edition* 
i«no, 6s. cloth. 

•'The best treatise that has ever been published on steam boilers."— FH^V««ir» 
•'The author shows himself perfect master of his subject, and we heartily leceounend all 
plcyhig steam power to possess themsalves of tibe wxkj'^^ifj^mmd'* irm TTmd* Cinulmr, 

BaUer {JMmneys. 

BOILER AND FACTORY CHIMNEYS: Their Draught-Power 

and Stability. With a Chapter on Li^htnin^ Conductors. By Robert 
W'lLsoN, A.T.C.E., Author of "A Treatise on Steam Boilers," &.c. Second 
Edition. Crown 8vo, 3*. 6d. cloth. * 

" FuM of useful information, definite in statement, and thoroughly practical ia treatment. -* 
Tk« L^eml Caverttmettt Chronidt, 

" A valual le n'rihutloB to Ao Iteiatwe of scientific bnUdliv.**— 7^ Builder, 

Boiler Making. 

THE BOILER. MAKER'S READY RECKONER ASSIST- 
ANT, With Examples of Practical Geometry and Templating, for tbe Use 
of Platers, Smiths and Riveters. By Jonir Cot7RTNBY, Edited by D. K. ClarXi 
M.I, C.E. Third Edition, 480 pp., with i4oIllusls. Fcap. §vo, 7s. half-bonad. 
" No workmaii or apprentice should he w itUout this book."— /rtf« Trade Cirrular. 
" Boikr-tiiakcrs will rra lily rrcopTiise the value of tiiis volume. . . . The tables are clearly 
printed, and so arranged that they can be referred to with the greatest ftdlity, so that it cannot bs 
doubted that they wdl be geaesallr eppredalsd and asedi iised."-^d^^ 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 

eeetionton the best Methods of Heating Public, Private and Horticultural 
luildings. By Walter Jones. With Illustrations, crown 8vo, as. cloth. 

" We confidently recommend alf interested in heating tw hOt Water tO SOCUTO a COpf Of thi 
vakiable Uttle treatise. * — TA* Plumbtr and DtC9r«Uor, 
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JSteam Engine, 

TEXT-BOOK ON THE STEAM ENGINE, With a Sup- 
p?emeDt on Gas En^nes, and Part II. cn Heat Engines. By T. M. 
GooDEVE, M.A., Barrister-at Law. Professor oi- Mechanics at the Nrrmal 
School cf Science and the Ro\al School of Mines; Author of "Tl e Princi- 
ples of Mechanics," "The Elenientsot Mechanism." &c. Eleventh tditioc, 
Enlarged. Witb numerous Illustrations. Crown 8vo, 6s. c'oth. 
"Professor Goodeve has given us a treatise on the steam engine which vrill bear comparison 

wfch anything written by Huxley or Maxwell, and we can awdrd H no hiflftler oraise. '— A wr-- •v- 
" Mr. Goodeve's textbook to a work of wliicb every jcnag eegfaieer should pocseas hiiu»ell.' 

Oas JBSngine9, 

ON GAS-ENGINES. Being a Reprint, with some Additions, cf 
the Supplement to the Text-book OH the Steam Engwe, by T. M. Goodiivk* 
M.A. Crown 8vo, 2s. 6d. cloth. 

" Like all Mr. Goodeve's writing, the present Is OO OtCepdoO Ib poInt Of general excellence* 
It Is a valuable UtUe vohuae."— i/tfcAaMika/ World. 

Steam, 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-nsers. By an Enoimbbr. Sixth Edition. Sewed, 6i. 

" If steam-users would but learn this little book bf heart boOer em^ofiioDt wotitd becomd 
s«;nsations by their rarity." — English Meihanu. 

Meter ence Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 

for Machine and Boiler Construction. In Two Parts. Part I General 
Engineering Data. Part II. Poiler Construction. With 51 Plates and 
namerous Illustrations. By Nelson Folsy, MJ.N.A. Folio, £5 5$. half- 
bound. Qwi published. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, fcr 
Enginurs and Steam-uiers. By Nelson Foley, Author of "Boiler Con* 
stmetion." Pocket-size, 3s- 6d. cloth ; 4s. leather. 

"These tables arc dcsi^.rd to meet the requirements of eveiy'day ttSe ; aad nay C0Bi> 

mnided to engineers ami users of steam. '— fron. 

"This po. ketl iK)k well merits the attention of the practical engin<?er. Mr. Fd' y has c )in- 
pBed a very useful set of tables, the information contained in which is frequently lequued by 
OTgineers, coal consumers and users of steanu^-^rvw m$td ChU TIrmlts JUvitw, 

Fire Engineering^ 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 

a History of Fire-Engine<?, their Construction, Use, and Management; Re- 

marks on Fire-Prooi Buildings, and the Preservation of Life from Fire ; 

Foreign Fire Sfstems, &c. By C. F. T. Youno, CB. Witb numerous 

Illustrations, 544 pp., demy 8vo, £ t 4s. cloth. 
To such of our readers as are interested in the subject of fires and f.re apparatus, we can most 
heartily coniinend this \)oo\l."— tsnginrering. 

"It displays much evidence ot careful research; and Mr. Youne has put his facts neatly 
together. It is evident enough that his acquaintance wUbtlM practical details of the construction Ol 
ateam fire engi^ines is accurate and {nW—EngiMtr. 

JEstimating for Engineering Work, <fc. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Coinuiercial Eng neerinp:. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions. Steam 
Enpincs and Steam Boilers; and a Section on the Preparation of Costa 
Accounts. By A General Manager. Demy 8vo, 12s. cloth. 
** Thi« is an excel'ent and very useful hook, covering subject ni~.ttcr in constan* reqnis-tiop! in 

every factory and workshop. . . . Tiie bo'-*k is invaluable, not only to the> ounj; eni^ineer tut 

also to the estimate department of every « 1 rks."-^5»<f7i/' r. 

** Weaccord the work unqualified pr-iise. The mfurmation isgiven in a plain, straightforward 

auuiaer. and bears throughout evidence of the intimate practical acqualn t aPCe Of the authOf with 

every phrase of commercial cngiaeennS'"—Mech0Hicai IftrU, 

MUe mentnr i/ Mech a nics. 

CONDENSED MECHANICS. A Selection of Formulre. Rules, 
Tables, and Data for the Use of Engineerine; Students, Science Classes, &c. 
In Accordance with the Requirements of the Science and Art Department 
By W. G. Crawford Hughbs, A.M.I.C.E. Crown 8vo, 2s. 6(1. cloth. 

\Just published. 
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THE POPULAR WORKS OF MWHAEL REYNOLDS 

(" The Engine Driver's Fubmo"). 

Locomotive-Engine I>riving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for 
Eneinecrs in charec oj Locomotive Engina, By Michael ReynoldSs Membex 
of ukB S«e!«t7 of Konneers, fonneilyXoconiodve Inspector L. B, and 8. C. R» 

Eighth Edition. IncTading a Kjly to the Locomotive Enqimb. WUhllblS" 
tratioas and Portrait of Author. Crown 8vo, 45. 6d. cloth. 

"Mr. Keynokls bu tupplied a want. Mid Ims inppBtd it well. W« can confidently recomOMHid 
of locomottw caitnaa."— TAtf Bnrimnr. 

** Mr. Reynokls hns oprnfd a new chaptf"r the literat-;rr - >• rl.iy. This adinir.tMf practical 
txeatise, of the practical utiiily of which wc uave lo kpcaJc in lenas of warm toiuiuendauuii. 

" Evidcmly the work of one who kno\TS his subject thorouj^hly."— ^a»Vwa> Service GMMtUe, 
" Were the cautions and rules given in the book to tjccoiiie part of the every-day W0rida|[0l 
our enione-djriver&, we tniifht have fewer di^tressiu^ accidaatt to liflphMH," iSfWfJiwaw. 

Stationai^i Engine DHving. 

STATIONARY ENGINE DRIVING: A Practical Manual for 

Enpnuft in charge of Statitmmry Engines. By Michael Reynolds. Fourth 
Kditiou, Enlarged. With TMates and Woodcuts. Crown Svo, 4s. 6d. cloth. 

"The author n thoroughly acquainted with his subjects, and his advica ou the various paints 
treated is clear and pracdaL . . . He has produced a manual wUdl it wnaadlaglf VMiU 
•M for the daia for whoai it b specially inteaded.''— iSfv^iMwriitf; 

**Oar antboc leaves BO ttoaeuutumed. He la datenninad UMthbteadeitdialaotoi^jrlbMir 
tOaethin^f about ttostadoaary engina. but aU about it."— ^K/intf/r. 

"An enginemantrbo has mastered the contents of Mr.Reynolds's bookwil] requirebut little actual 
experience with boilers and engines before he can be trusted to look after \htiia."-~^ngH9hM€thmmic* 

Xhe Engineer^ Fireman, and Engine-Boy, 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGII^E-BOY. Comprising a Historical Notice of the Pioneer Locomodve 
Bngines and their loyentors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of Geoi^^e Stephenson. Crown Svo, 45. 6d. cloth. 
" From the technical kuowlcdj^v of the author it will appeal to the railway man of to^y mora 
forcibly than anvthing written by Dr. Smiles. . . . The volume conuins mformatioaofataefap 
akal kind, and facts Uut every driver should be familiar wiXh."-'£H^iisM Mttkanic* 

**We diould be glad to see this book in the possessioo of ovwyooo ill fho UncdoaiiHM iHM 
ever laid, or is to lay, hands on a locomotive engine."— /tms. 

Continuotis Railway Brakes, 

CONTINUOUS RAILWAY BRAKES : A Practical Treatise on 
tht uveral Systems in Use in the United Kingdom; their Construction and 
P*tfitrmuMC9, With copious Illostrations and nnmerons Tablet. By Micrabl 

Reynot ns. Large crown Svo, 9s. cloth. 

" A popular uxplauatton of the different brakes. It will be of great assistance in forming public 
opinion, and witt bo ftiidiod with booofit bytiiOM who tako aa uiaiest in tho ^nk^'-^Bn§it$k 

iiechaitic. 

"Written with sufTicieRt technical detail to enable the principle and relatiTe cooflodloiiof tko 
various parts of each particular brake to be readily fEt»SSfta,"—M«cMmHiaU IVorid* 

Eng in e- D r i ring Life. 

ENGINE-DRIVING LIFE: Stirring Advenfures and Incidents 
in the Lives of Locomotive-Engine Drivers. By Michael Reynolds. Second 

I'dilion, with Additional Chapters. Crown 8vo, 2S. cloth. 

"From first to last perfectly fascinating. Wilkie CoUins's most thrilling conceptions are thrown 
into the shade by true incidents, endless in their variety, related in every page."— A''tfrrt.ft*i4 A MaiL 

** Anyone who wishes to get a real Insight into railway life cannot da bettor dum rood ' Rngti*^ 
XMviiMr Life' fbr himself ; and if heoiioatakoituphewillfindthattheairthorlioBdiiMianiBdnai 
love of the engine-driving profession will carry him on till he has read 11 1 oiy pigO," iToftwriiy KiVil m. 

docket Companion for Enginemen. 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENQINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Rbtmolos. With ForCy-fiTa IllustFa- 
tionsand numerous DiaKram^. Seco&d Sditiotti Revised. Royal iSmOb 3S« 

strongly bound for pocket wear, 

" Ttds admirable work is well suited to accompliah Its objoct^ balOK tho hflMffHt W OlluaiM illtp of 
a competent engineer." — Glasgcnv Herald. 

" A roost meritorious work, giving in a succhict and practical fbrm all the Information aaovlno* 
ouoder desirous <rf mastetinfr the scientific princlptes of his daily callinjf would rc<iuirc. ' — iWflfcr. 

••A booo to tbOM who aro strivhig to become efficient mechanics. —Z^at/x ChranUle, 
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J^rench-EngUsh Glossary for Kngineers^ etc. 

A POCKEl GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturinij and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor, stoo pp. Waistcoat-pocket size, is. &itt 
limp leather. 

•| It ought certainly to be In the walstcoat-ijockct of cvcr>' professional mati."— /r<>«. 

" It is a rery ^rcat advantage for readers and correspoiidents in France and Engird to hate 
BO large a number of the words relating to engineering and manufiaicturers collected ui a iW p«»<*it 
volume. The little book will be useful both to students and tXAfti^txs*^ —Architect. 
i.r '* glossary of terms is Tcry complete, and many of the tiddM U« IWwand WcO anvnnd. 
We cordially commend the hook.. -^tchoHiuU IVtrU. 

J^ortable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dysom Wansbrough. With 90 lUustra* 
tions. Crown 8vo, 3s. 6d. cloth. 

V ••Thb is a work of value to those who use steam machinery. . . . Should be read by every- 
one who has a steam engine, on a farm or < 1' t^i'. lierc. — .l/ar^t Lane Express. 

*• Wc cordially coamiend this work to Laiyers and owners of steam engines, and to those who 
have to do wiih their construction or M%^."—Tiffiber Jrcidts jOHrnal. 

" Such a general knowledge of the steam engir.e as Mr. Wansbrouyh furnishes to the readec 
HKml'l he. acquired by all intelhgent owners and others who use the Steam engine."— Buu'dirif/lUmB, 
An exceilent text-book of this useful form of enjrin*, which describes with all neeesnry 
nunuteaess the details of the various devices. . . * The Hmtsto Fiuchasecs contain a good deal of 
fl onimo B WHW o and practical wwiom. '—hftglisA Mechanic. 
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JT/f. HUMBER'8 IMPORTANT ENGINEERING BOOKS. 

The Water Sujjply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 

OF CITIES AND TOWNS. By William Humber, A-M.Inst.C.E., and 
M. Inst. M.E., Author of "Cast and Wrought Iron Bridge Construction," 
&c. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts^ and containing 400 pages Of 
Text. Imp. 4to, £6 6s, elegantly and substantially lial£>bouiid £a morooco* 

List of Contents. 

I. Historical Sketch of some of the means | Conduits.— XIII. Dlsttlbutlon of Water.— XIV. 
that haveboenadoptedfortheSupply of Water Meters, Service Pipes, and House Fittines.— > 
to Cities and Towns.— II. Water and die Fo- : XV. The Law and Economy of Water Woiks. 
reifn Matter usuaUy associated with it.— III. XVI. Constant and Intermittent Supply.— 
Rainfall and Evaporation.— IV. Springs and 1 XVII. Description of Plates. — Appendices, 
the water-bearing formations of various dis- 1 giving Tables of Kates of Supply, Velocities, 
tricts. — V. Measurement and Hstimation t)f the &c. &c., together with Spccificati ms of several 
flovr of Water — VI. On the Selection of the Works illustrated, among wliich will be found: 
Source of Supply.— VII. Wells.— VIII. Reser- Aberdeen, Bideford, Canterbury, Dundee, 
vuirs.— IX. The Purification of Water.— X. Halifax, Lambotih RoUlSfhaiB* Dublhit and 
FumpSw — XL Pumpins Machinery. ~ XII. , others. 

**The most qrstcnattc and valuable work upon water supply hitherto produced fn English, or 
Id any other language. . . . Mr. Humber s work is charactorisod almost throughout bf aa 
cahaustimesB much more distinctive of French and German than of English techniaJ treatfies.** 
^•JEu£^fteer. 

•'We can congratulate Mr, Huii;ber on havinjf been able to give so large an amount of Infor- 
mation on a subject so important as the water supply of chics ;;r,d ti.wi.i. The pbtes, fiity in 
number, are mostly drawings of executed works, and alone would have coiimumdea the atteouoa 
of every engineer whose practice may lie inthlsbratu.h of the profession."- i^M^Mrr. 

Cast anil Wrought Iron liridge Constrjiction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTiON, including Iron 
Fomutaiions. In Three Parts— Theoretical, Practical, and Descriptive. By 

William Humbi r, A, M. Inst.C.E., and M.Inst. M.E. Thii l Kdltlon, Re- 
vised and much improved, with 115 Double Plates (20 of which now hrst 
appear in this edition), ana numerous Additions to the Text. In Two Vols.i 
imp. 4to, £6 i6s. 6J. half-bound in morocco. 

"A very valuable contribution to the standard literature of civil engineering. In addition to 
sjevatlons. plans and sections, large scale details are given wliich very much enMACO tho iacMe> 
ttvo worth of those illustrations."- CtW E$tfiHeer and Architect's JourtuU* 

''Mr. Htunber's stately volumes, lately issued— in which the most impmtant bridges erectod 
during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt. Mr. Hawk- 
shaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent engineers, are 
drawn aad spocucd ia great detait."-^itftfM««r, 
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MR. NUMBER'S GREAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price £ia X2S., half-morocco. Each 

Volume sold sepaorateiy as follows 

A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William Humber, 
A-M.Inst.C.E., &c. Imp, 4to, with 36 Double Plates, drawn to a large scale, 
Phutographic Portrait of John Hawkshaw, C.E., F.R.S., fte., and cppioiii 
descriptive Letterpress, Specifications, &c., £3 3s. baU-morocco. 

List of the Plates and Diaf^rams. 

Victoria Station and Roof. L. B. & S. C. R. Thames. West London Extension Rafhrmr (S 
tt plates); Southport Pier (a plates); Victoria plates); Armour Plates: SuspenskNl Brioge, 
Station and Roof* L. C. & D. and G. W. R. (6 Thames (4 plates); The Allen Ensiaes ^» 
ptatwh Roof of Ctemome Music Hall ; Bridge pension Briase. Atoq (3 plates)} Vndeq^ooad 
orer G. N. Railway ; Roof of Station, Dutch Railwajr (3 plitH|. 
Rhenish Rail (a plates) ; Bridge orer the 

" Harnl>uniely lithographed and printed. It will find favour with many who desire to presciro 
In a permanent form copies of the plans and specifications prepared for the guidance of the coop 
tractors for many importtnl engineering works. —fftfwiMr. 

HUMBERTS RECORD OP MODERN ENGINEERING. Sboond 

Skries. Imp. 4to, with 36 Double Plates. Photographic Portrait of Robert 
Stephenson, C.E., M P., F.R.S., &c., and copious descriptive LetterpreaSi 
Specifications, &c., i.3 3s. half-morocco. 

List of the Plates and Diagrams. 

and Abers^venny Railway ; Ebbw Viadact, 



Birkenhead Docks. Low Water Basin (15 

Slates); Charing Cross Station Koof, C. C. 
Lailway (3 plates); Digs well Viaduct. Great 
Northern Railway ; Robbery Wood Viaduct, 
GiMt Northetn RaDway; Iron Permanent 



Merthyr, Tredegar, and AbergaTenny Ra3« 
way; CoQege Wood Viaduct. Cornwall Rail- 

afl Dublin Winter Palace Roof (3 plates) ; 
dfre oyer the Thames, L. C. & D. Raitway 
Way; Clydach Viaduct, Merthyr, Tredegar, ' (6 plates) ; Albert Harbour, Greenock (4 plates). 

" Mr. Humber has done the profession good and true senrice, by the fine collection of < 

he hai here brought befoie tfie pcofeMlott sad the pMOc^—^nutkui Meektmi^s ymrmU . 

HUMBERTS RECORD OF MODERN ENGINEERING. Third 

Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. 
M'Clean, late Pres. lost. C.E., and copious descriptive I<etterpresSt Speci- 
fications, &c., £z 3<* half-moroocot 

List of the PUiU$ tmi Diagramt. 

Sewer, Reservoir and Outlet (4 plates) ; Outfall 



aewer, Kcservoir ana uutiet (4 plates) ; (Jutfau 
Sewer, Filth Hoist; Sections of Sewers (North 
and Sonlh Sides). 

Thames Embankmbmt.— Section of Rhrer 
Wall ; Steamboat Fier, Westminster (2 plates): 
I .andiiig Stairs between Charing Cross ana 
Waterloo Bridges ; York Gate (a plates) ; Orer- 
flow and Outlet at Savoy Street Sewer (3 iilates) ; 
SteamlKiat Pier. Waterloo Bridge (3 plates) ; 
Junction of Sewers, Plans and Sections ; 
Gullies, Plans and Sections; RoDtng Stock; 



Main Drainage. Metropolis.— AVf-t-A 
5^.— Map sJiuwini? Interception of Sewers; 
Middle Level Sewer (3 plates) ; Outfall Sewer, 
Bridge over River Lea (3 plates) ; Outfall Sewer, 
Bridge over Marsh Lane, North Woolwich 
Raflway, and Bow and Barking Railway June* 
tion; Outfall Sewer, Bridge over Bow and 
Barking Railway (3 plates) ; Outfall Sewer. 
Bridgfe over East I.onuon Waterworks" Feeder 
(a plates) ; Outfall Sewer, Reserv-oir (2 plates) ; 
Outfall Sewer, Tuiiiblii\g Bay and Outlet; Out» 
fall Sewer, Penstocks. So/^/h Outfall 
Sewer, Bermondscy Branch (a plates); Outfall 

** The drawings have » constantly hicreasmg value, and lAoever derivas to poawss dear re|He> 
scntatioiis of the two great wodcs Gttiied out by oiwJil«inpolitaBBoaidwflleDCaiaMr.HuBbaff^ 

volume. " — Eftj^ifuer. 

HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Ssitnts. Imp. 4to, with 36 Double Plates, Photographic Portrait ofjohn 
Fowler, late Pres. Inst. C.E., and copious descr^ve Letterpress, Slpeci- 
fications, &c„ £3 35. half-morocco. 

List of the Plates and Diagrams. 

Abbey MtDs Pumping Station, Main Drain* Mesopotamia ; Viaduct over the River Wyc^ 

age. Metropolis (4 plates); Barrow Docks {A Midland Raitwnr plates) ; St. Germans \^u> 

plates); Manquis viaduct. Santiago and Vat duct Cornwall Kulway ^ plates); Wrou^t* 

paraiso R.i'Iway (2 ilates); Adam's Locomo- ! Iron Cylinder for Diving Bell; Millwoll Docks 



Iron Cylinder for Diving Bell ; Millwoll Docks 
(6 plates); Milroy's Patent Excavator; Metro* 
politan District Railway (6 plates); 
Ports, and Breakwaters (3 plates). 



paraiso R.i'Iway (2 plates); Adam's Locomo 
tive, St, Helen s Lanil Railway (a plates) ; 
Cannor. Street Stat i n Roof. Charinij Cross 
Railway {3 piatcs i ; Road Bridge over the River 
Moka (3 plates); TelegfapUc Apparatus for 

" We gladlywelcome another year's issue of tills vahiable publication from the able pea «c 
Mr. Humber. The accuracy and general excellence of this wonc are wtSl known, while Its nsefiil- 

ness in giving the neasurementi and details of some of tire latest examples nf engineering u 
earned out by the most eminent men in the profession, cannot be too higlily ptizefL' —ArtiMon, 
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MfL NUMBER'S ENGIHURIHQ BOOKS^niinuid. 
Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
JN GIRDERS ANDSIMILARSTRUCTL'KES,AM)TnKIKSTf<F.NGTH, 
Censistiag of Formulae and CorrespoiuliLg Diagrams, with nuaieious detailt 
for Practical Application, &c. Bv William HuMaER, A-M.Inst.C.E., Ac. 
Fifth Edition. Crown 8vo, nearly 100 W oodcuts and 3 Plates, 71, M. 6k>Ul 
"The formulae are neatly expressed, and the diagrams gcod."— ^Mf«<rj<m. 
" We heartUyconsMod this ftaUyAttiHCr book to our tagintf aod oicbitoct tmOan^-Mng^ 

lith Mechanic. 

Barlow^s Strength of Materials, enlarged by llumher 
A TREATISE ON THE STRENGTH OF MATERIALS : 
with Rules for Application in Architectare, the Construction of Sntpension 
Brid!::es, Railways, Sec. By Peter Barlow, F.R.S. A New I^dltion, revised 
by his Sons, P.'W. Barlow, F.R.S. , and Vv. H. Barlow, I R S. ; to which 
are added, Experiments by Hodgkinson, Pairbairn, and Kirkaldy; and 
Formulae for Calculating Girders, &c. Arr.inf^' d and Edited by W. HumbeR| 
A-M. Iast.C.£. Demy 8vo, 400 pp., with lar^e PUtes and numeroui Wood- 
euts, i8s* doth. 

" Valuable alike to the student, tyro, and the experienced P petitioner. It will always rank ia 
fature, as it has hitherto done, as the standard treatise on that panicuUr subject." — Engineer. 
"There is no i;reater authority than Barlow." — Building Nnv^. 

" As a scientific work of the first class, it deiierves a foremost place oa the booksbclvet of OTefy 
cnfleoi^iioor and practical xutii^bMk\(u**^Eni^Uk Mtehmnie, 



Trigonom etrical Sii rvey ing, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Fonnatum of Geographical and 
Topographical Maps and Plans, Military Recctviatssance, Levelling, &c., with 
Useful Problems, Formulae, and Tables. By Lieut. -General Frome, R.E. 
Fourth Edition, Revised andpartly Re- written by Major General Sir Charles 
Warrbm, G.C.M.G., R.E. With 19 Plates and 1x5 Woodcuts, royal 8vo, t6t. 
cloth. 

"The simijle f.ict that a fourth edition has been called for is the best testimony to Its merits. 
No w ords of jirsLse from us can strengthen tlie {>osition so well and so steadily niaintained by this 
*ork. Sir Cliarles Warren has revised the entire work, and made such additions as weffo aoceHaijr 
to bring every portion of tho opnteof Up totfao pf eiint datlw"— Jlwwrf Arrtm, 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, A Mj RECONNOITRING, Bv 
Colonel I. S. Macaulay, late Professor of Fortitication in the R.M.A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of x« Plates, X2S. 

Oblique Bridges, 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Descriptir n to Diagrams for Facilitating the Con* 
struction of Oblique bridges, by W. U. BAau>w, M.I.C.&. Royal fivo, zas« 
cloth. 

" The standard text book for all ent^neers re.^nrdins^tlceir«rcllM IsMr* Buck*! tiMtbft, and 
would be impossible to consult a better." — F.ngitteer. 

"Mr. Buck's treatise is reco^fnised as a standard text-book, and his treotmeat bas dlv«ted the 
cobjea of many of the intricacies supposed to belong to it* As a guide to the engtncor and archi- 
tect, on a cooMnodly difficult suhJect, Mr. Budc's woric is unsurpaiwd."— i?wi/tf^ Nms, 

Water Storage, Conveyance and Utilisation* 

WATER ENGINEERING : A Practical Treatise on the Measuie- 

ment, Storage, Conveyance and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Enpineer, A.M. Inst. C.E., Author of "Sanitary Work in the Smaller 
Towns, an 1 i: \'illages," Sec. With numerous Illusts. Cr. 8vo. 7s. 6d. cloth. 
**As a small [iraLti.al treatise on the water supplv of towns, ■nid on soiue applications of 

nater-power. the work is in many respects excellent."--/ >f;. J^'r•?rr»'^^ 

"The author has collated the results dcvluccd fn m t!ie cNpcriments of the most eirinent 

a.ith' rities, and has presented them in i n i,;; fct and practic.il form, accompanied by very clear 

and detailed explanations. . . . 1 he application of water as a motive power is treated very 

carefuUy and eJWiaustively.'"— .ffMiV</^r. 

"For aiiy<me who desires to begin the study of hydraulics with a consideration of the practical 

appUcatkMs of the scimce there is no better guld9."—AreAifea, 
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Statics^ Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in their Practical Appii^ 

cation to the Treatment of Str($<if% in Roofs, Solid Girders, Lattice, Bowstring 
and Sus>tcniion Bridges, Braced Iron A rcnes and Fiers, and other Frameworks, 
By R. Hudson Gkaham, C.E. Containing; Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, x6s. cloth* 

*' Mt. Grahaa'i book will fad a place iHnm»gnyMc and «n«lytic»t»tlc»«>u«ed or itiiili>d.'' 

^BnjgiHetr, 

"The work Is excellent from a practical point of view, and h?.s evidcnt'v been prepared with 
much care. The directions for working <tre ainpie, aud axe iUubiraied by a.n iibimdance of well- 
selected examples. It is an excellent text-book for tlM pCtAtcat ** ***if*»*™"i * — 

JStudent's Text Book on Surveying, 

PRACTICAL SURVEYING : A Text-Book for Students pre- 
paring for Examination or for Survey-work in the Colonies. By George 
\V. UsiLL, A.M. I C E., Author of "The Statistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 IlfllStiar 
tions. Second Edition, Revised. Crown Svo, 75. 6d. cloth. 

** The best forms of instninients are described as to their construction, uses and modes of 
cmplov :i.c,.t, and there are innumerable hints on woric and equipment such as the author, in tiis 
experience sur\eyor, draughtsinm and teacher, has found neceitsary, and which the student 
in his inexp<:ricncc will find most serviceable," — Engineer. 

" The latest treatise in the Eri^lish lungiaigc on surveying^, and we have no hesitation in say* 
ing that the Student will find it a better guide than any of its predecessors .... 
De&erves to be leoapiised as the first book which should be put in the hands of a pupU of Civil 
Engineering, and erery gentleman of education who sets out ftM the Coionies would and it weB to 
have a copy.'— Architect. 

"A very useful, practical handbook on iield practice. Clear, accurate and nut too cob- 
densed."— y(;r</v;.7; i>/ Fuiuctuton, 

Survey Fractice. 

AW TO SURVEY PRACTICE, for Reference in Surveying, LeveU 
lin^, and Setting-out ; and tn Routt Surveys 0/ Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lewis D'A. Jackson, 
^M.I.C.E., Author of " Hydraulic Manual," "Modern Metrology/' Ac 
Second Edition, Enlarged. Large crown Svo, z«. 6d. cloth. 
"Mr. Jadttontef piodueed a viit^ble vadt-^fumm tbt the snrveyor. We can mvtmmmA 

this 1 00k as route tiling an admtiaWe aupploBent fir thr f^lM — ^"^^t""^**^ ffirrtytiri**— 

Athifueum. 

" As a text -book n e should advise all surveyors to place it in their Ubnilei* and Study wcS tte 

matured instructions atforded in its paj^es." — CoUitfy l,uardian. 

" The author brings to his work a fortunate union of theory and practical experience ^Aidli 
aided by a clear and lucid style of writing, renders the book a Tesy useful one."— ivanlMfr* 

Surveying^ Land and Marine, 

LAND AND MARINE SC7i2F£y//^G, in Reference to the Pre- 
paration of Plans for Roads and Railways; Canals, Rivers, Towns' Water 

Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. H askoll, C.E., Author of Bridge and Viaduct Con- 
struction,'' &c. Second Edition, Revised, with Additions, Large cr. Svo, 9$. cl. . 

" This book must prove of great value to the student. We tiave no he^ation in recoasnead* 
ing it, feeling assured that it wiU more than repay a careful sXuAy. "—AfechaHicai iVorid. 

** A most useful and well arranged book for the aid of a student. We can stcongiy nooamend 
It aa a cenfuUy-wntten and valuable text-book. It ei\)oys a wett-desenred repate among sonrefon." 

" TV.; •. filumo car.rint f.ii! to prove of the utmost practical utility. It may be safely '•* *'^1Tin i nTnd>i 
to all :>iud«nt^ vs ho aspire to become dcm and expert surveyors." — Aiming journal. 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting- 
cut of the works, Shaft-sinking and Heading-driving, Ranging the Lines and 

Levelling underground, Sub-Excavatinp:, Timberinsr. and the Construction 
of the Brickwork ol Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Siiius, P.G.S.* 
M.Inst. C.E. Third Etiition, Revised and Extended by D. Kinnear Clarx, 
M.Inst. C.E. Imperial Uvo, with si Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

yXhe estimation in wliich Mr. Simms's book on tunnelling has been hdd for over thirty yeais 

cann ot be nore truly expressed than in the words of the late Prof. Rankine :— * The best source of in- 
fonnaneoonthe subject of tunnels is Mr. F.W. Simms's work on Practical Tunnelling.*"- /n.v ' 
It has been regarded from the first as a text book of the subject. , . . Mr. Clarke has added 
immensely to the value ot the book."— /titfiMMr. 
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Section VI. Mbchamicai, FoRCX 07 
Hbat. 

Section VII. Work of Expansiok 

AND Contraction. 
Section VIII. Suspbnsion Bridgbs* 

Section IX. Masonry Structures., 



CIVIL ENGINEERING, SUIi yJiYING, etc, n 

veiling, 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 

LEVELLING. Showing its Application to purposes of Railway and Civil 
Bngiineering, in the Construction of Roads : with Mr. Telford's Rules tor the 
same. By Frederick W. Simms.F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, r.nd 
Trautwine's Field Practice of Laying-out Circular Curves. With? Plates 
and numerous WoodcnU, 9va, 8t. 6d, doth. V Trautwinb on CnrY6» 
may be had separate, 5s. 

" The text-book on levelling in most of our en^neerinif schools and colleges."— i?M^ifiiirr. 
" The p-Mi&hers have rendered a substantial service to the profession, cspec ially to the yOUOMV 
members, Dy bringing out the present editiou of Mr. Simms's useful yi<xk,"—JiHi£inun$t£, 

Seat, l^xpansion bi/. 

EXPANSION OF yiRUCTURES BY HEAT. By John 
Kesly, C£., late of the Indian Public Works and Victorian Railway Depart- 
meats. Crown 8vo^ 3s. 6<2. cloth. ^ 

Summary or Contents. 
Section I. Formulas AND Data, 
Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames and 
Plates. 

Section V. Thermal Conductivity. .... . 

••Therfm theanthorhas set before him, viz., to show the effects of heat upon metallic 
Other strncf irfs, 15 a laudable one, for this is a branch of physics upon which tlM nsiaeetoran 
tect^caa Imd but little rehable and comprehensive data in books. "—JSui^dtr. 

" Whoever is concerned to know the eMect of chanjies of temperature on such structures as 
suspeasioa bridges and the like, could not do better thaa consult Mr. Keilv's raluatila and k>iiH« 
•i p uri U ua of the goometikal principlM fanlfed ia tbwe cham«i.".-A«£nHM. 

^rtieHcai MathemaMes. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors, By Olinthus Gregory 
LL.D., F.R.A.S., Enlarged by Henry Law. C.E. 4th Edition, carefully 
Revised by J. R. Young, formerly Profestor ot Mathematics. Bel&st CoUesQ. 
With 13 i^iates, 8vo, £1 is. cloth. • 
°' architect wiU here find ready to his hand rules forsolvbig nearly every mathe- 
matical diihculty that autjr arise in his pracuce The rulea ar« ia all cases explaiaod by ot 
examples, in whfdi eveiy ttep of the process is dearly woifced wiL*'~'BuittUr. 

" Opa of the mott Stfviceabte boolcsfor practical mechanics. . . it is an instructive book foe 
mm rtudent. and a tezf-book for bfm who, having once mastered the subjects it ueau of. w**^- 
occasionaily to refresh his memory upoa then. <-^a«<AM|C' Ak«w. -^•^w 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for Jinding the Discharge of Water from Orifices, Notches, Weirs. Fipes and 
Rivers. With New Formulae, Tables, and General Information on Rainfall 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mili 
Power. By John Neville, Civil Engineer, M.R.LA. Third Ed., carefully 
Revised, with considerabJe Additions. Numerous Illuats. Cr. 8vo, 14s. cloth 
" Attlie valuable to students and enguieers hi practice j iu study will prevent the ann ymce of 
avvddablefiidhues, and assist them to select the readiest means of successfully cairyiuK out auv 
ghren work connected with hydraulic engineering."— .^/iV/tM^ yt>,<, „,;/. ' * ' 

" It is, of all English books on the subject, the one nearest to completeness, . , . From the 
jfood au-anj^einent of the matter, the ck-.ir cxj l.an. tiuns, and aluindancc of formulae the carefuHv 
calculated ubles, and, above all, the thorough, acquaintance with both theory and'coostnictiau 
iriiichiadisplafedfninfiitfttolutitiiebookw ^tBrnaAtab^tumei^aadioa^'^rSSSSr^^ 

Hydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tftbles and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of " Aid to Survey Practice*' 
" Modern Metrology,*' &c. Fourth Edition, Enlarged. Large cr. 8vo, i6s cl. 
*' The author has had a wide experience b hydraulic ea^ has been a careful ob- 

f«Tvwr of the ftcta which have come under his notice, and ftom tiie great mass of material at his 
coinn-.and he has constructed a Oianual which maybe accepted as a trustworthy ^midc to this 
branch of the enjginecr's profession. We can heartily recommend this voluaie to aU who desire to 
be acquainted with the latest developriier.t of this important su t ij er t . "— /•wfVitfgft'ltf'. ' 
•* The standard- work in this department ot lucchnnics.' — Si clsman. 

"The most useful feature of this work is its freedom from what Is SUperannusledL Bad Hi 
thorough adoption of recent experiments ; the text is, in fact, in great part a shoft aceeiuit " 
fUtt modem espedBBenti.**— iVirttem •wwhw 
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J>rainage. 

ON THE DRAINAGE OF LANDS, TOWNS AND BUILD- 
ISGS. By G. D. Dempsey, C.E., Author of " The Practical Railway En- 
gineer," &c. Revised, with large Additions oa Recent Practice in 
DkaikAOE Enginki king, by D. Kinnear Clark, M.Inst.C.E. Autbor of 
'< Tramways," "A Manual of Rules, Tables, and Data lor .£astneers," &C. 
Second Edition. z2mo, 55. cloth. 

^TheiMwiMttwaddod to Mr. I>empsOTr*seMaIlflnt«odcbclianet«tb«d bvthecoinpidi 
si ve srrasp and acooaej of d«utt l(M which tbe aaim 

" As d work on recent practice In drainage enjfineering. the V ook U to be comaMuled tOlB 
who are making that branch of engioeermg science their special study." — /r^n. 

" A coinpreheadTeinaiiualondniiiaBtteiigiiiMiiiir, aiulaii^^ tntfoducdoii to the slndiiiL" 

Building Nrtvs. 

Tramways and their WorJcing. 

TRAMWAYS : THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis ot the various Modes of Traction, including Horse- Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock : and ample Details of Cost and Working Expenses : the Progress 
recently made in Tramway Construction, &c. Slc. By D. Kiknear Cuak, 
M. inst.C.E. With over 200 Wood fingraviags, and 13 Folding Platea. Two 
Vols., large crown 8vo, 30s. cloth. 

"All interested in tramways must refer to IttesaniaflwSyeacfalMISlttVe tuned totheolhoill 

• Railway Machinery.'"— fw^w^r. 

'An exhaustive and practical work on tnmwtjrs. In which the hittory of ttdsldiid of Iocookv 
tfoB, and « description end cost of the trerious modes of laying tramways, ace to be found."'- 
Building' Nkws, 

"The best form of rails, the best mode of construction, and the best medianlcal appliances 
are so fairly indicated in the work under review, that any engineer about to construct a tramway 
will be enabled at once to obtain the piactical hiioiaiatiaa whichwillbeoif aMMteonrieetohiBi'* 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 

OBLjqUE ARCHES, By John Hart. Third Edition, with Plates, im- 
perial Bvo, 8s. cloth. 

fHirves, Tobies for SetHng^aui. 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 

for Setting-out Curves from 5 to 200 Radius. By Alexander Beazelky, 
M.Inst.C.E. Third Edition. Printed on 48 Cards, and sold in a doth bozt 
waistcoat-pocket size, 3s. 6d. 

" F.,ic!i t.-iMc is i>rintcd on a small card, which, being placed on the theodolite, leaves the hands 
free to manipulate (he m.sirunient— no small advantage as regards the rapidity of work." — Engttuer. 

" V'er>' ti^::dy ; a man may know that a'l his day's work must fa on tWOOf thOSO CSfdl^ trflicb 
he puts into hxa own card^case, and leaves the rest behind."— wtfM«iMr**M. 

Marthwork. 

EARTHWORK TABLES, Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c.,of Heights or Depths up to an average 
of 80 feet. By JosBFii BaoADBBMT, C.S.« and Feamcis Camfin, CS. Crown 

8vo, 5s. cloth. 

" The way in which accuracy is attained, by a simple division ot each cross section latO tlllSt 
clk^ments, two in w liit :h are constant and one variable, is ingenious."— .^I^^MMSWiM. 

Tunnel Shafts, 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay. By J. H. Watson Buck, M.Inst.C.E.. 
Resident Engineer, London and Nortli-Westeni Railway, lUnstrated with 

Folding Plates, royal 8vo, 12s. cloth. 

*' Many of the methods given are of extreme practical value to the mason ; and the obserratknis 
en the form of arch, the rules for ordering the stone, and the construction of tibe templates will be 
fbund of coosidenble use. We conmendllie book to tiie engineering pro(bsslon.'*'-(rSM Wiiv A''<«'* 

"Will be r^farded by dvil engineers as of the utmost vahiSb end *'*'m'Tittd te SSee much ttaM 
end obviate many mistaMS.**-— O/Zmo' Guardian, 

QirderSf Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA- 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
CIRDERS, etc.t for Parliamentary and other Estimater. Bjr I. U. VVaisom 
Buck. M.InstC.B. On a Sheet, 2S.6</. 
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liiver Engineering » 

RIVER BARS: The Causes of their Formation, a fid their Treat' 
ntent by Induced Tidal Scour ; " with a Description of the Successful Re- 
duction by this Method of tlic Bar at Dublin. By I. J. Mann, Assist. Eng. 
to the Dubhu Fort and Docks Board. Royal 8vo, ys. GU, cloth. 

** We recommend alt iatwested in harbow work»--and, indeed, diose coocetiMid la tiie inw 
provements of rivers geaeraUy — to lead Mr. Maaa's faiteretttrnf work on the tNafemaat of river 

Tt* usse s» 

TRUSSES OF WOOD AND IRON, Practical Applications of 
Science in Determining theStresseSf Breaking Weights^ Safe Loadi, ScanUings, 
and Details of Construction, with Complete Workine; Drawin|,'s. By William 
Griffiths, Surveyor, Assistant Master, Traumere School oi Science and 
Art. Oblong 8vo, 4s. 64. cloth. 

"This handy little book enters so minutely into e%'er>' <1etan connrv-t(-1 with the conilfiictfoaef 
roof tnisses, that no student need be i£uoraut ot Iht&c uuiuers." — J^raUicai Engineer, 

Railivay Working, 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Theif Cause and Prevention; with a Description of Modem Appliances 
and Systems, By Clement K. Stretton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants, With Illus- 
trations ana Colonred Plates. Second Edition, Enlarged. Crown 8vo, 3s. 6tf. 
cloth. [J'tst published, 

" A book for the en^eer, the directors, the managers ; and, in short, aU who wish for informac 

tlon on railway oaatteis wiU fiad a perftct enqrdopaeaia la *Safo Railway Workinsr. '*— itatitoiv 

Review. 

" We commend the remarlcs on railway sicnallinf to all railway managers, especially where a 
oalfbrni code and practice is advocntecl."— //^r«r/a/A'x Railway Journal. 

"The author maybe congratulated on havinf collected, in a very convenient form, much 
valuable informatioa oa the praidpal queftioaa amctiaff tiia sale worlurg of railways."— 

way Engineer. 

Field-Booh for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 
TRA CTOR'S FIBLD'SOGK, Consisting of a Series of Tables, with Rules, 
Eiplanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner; setting-out 
Curves with the Theodolite by Tangential Angles and Multiple^ with Kighl 
and I>fit-hand Readings of the Instmment: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets ; and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. Bv W. Davis Haskoll, C.B. With numerous Woodcuts. Fourth 
Eaition, Enlarged. Crown 8vo, 125. cloth. 

**The book is veiy handy ; the separate Ubies of sines Sad tangents to every minute wiU mak« 
it naeftil fbr many other purposes, the genuine tiavene tables existmig all the same."— .iffilmtfiMa. 

" Every person enj^^ed in en^neenng' field operations will estimate the importance of such a 
work and the amount of valuable time which will be saved by reference to a set of reliable table* 
peaparad with tlie accuracy and fhfaieas of those eiven in this vohuna."— iSatfamv ASnwi; 



Earthwork^ Measurement of, 

A MANUAL ON EARTHWORK. B3' Alex. J. S. Graham, 
C R. With numerous Diagrams. Second Edition, i8mo, zs. 6i. cloth 
*' A u'^reat amount of practical information, very admirably arranged, and available for rough 

ailfaaates. as well as fba the mme exact rakiilatioaa laqoired ia the •agiaaer's aad coatiactor'a 

offices. " — A rtisaft, 

Strains in Ironwork, 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sbbilds, M.Inst,C.B» 

Second Edition, with 5 Plates. Royal Svo, 5s. cloth. 
The student cannot find a better little book on this subject.' —/::>U''t«^rr. 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS, By Thomas Tredgold, C.E. Fifth 
Bdidoo, ioduding Hodoxxmsoii's Biperimeatal Researdies. five, us. cloth. 
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ARCHITECTURE, BULLDIKG, eto. 



Const 7mcf ion, 

THE SCIENCE OF BUILDING : An Elementary Treatise on 
thg Principles of Construction. By E. Wvndham Tarn, M.A., Architect 
Third Edition, Enlarged, with 59 Engravinf^s. Fcap. 8vo, 4s. cloth, 

A very valuable book, which we ttronsjly recommend to all students."— ^ifAlrr. 
"No architectural student should be without this htrndhook,"— A rxhitect, 

A HANDY BOOK OF VILLA ARCHITECTURE: Beinft a 
Series of Designs for Villa RtsUUnea M vmHom Style$, Wiifa OvtUQe 

Specifications and Estimates. By C. Wickss, Author of " The Spires and 
Towers of Eot^land," &c. 61 Plates, 4to, £1 iis. 6d, half-morocco, gilt edges.' 
"TheiHiote of the deslfifns bear evidence of their bein? the woricof anartbtieaidillao^M' 
they will prove very valuable and sr.g^fs%xWc."—£uidd9iif/W9tS9 

Text-Boo/c for Architects, 

THE ARCHITECT'S GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineers^ Surveyors^ Contractors, Clerks of 
Uoiks, &c. &c. By Frederick Rogers, Architect, Author of "Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and £lllar({ed. 
With numerous Illustrations. Crown 8vo, 6s. cloth, 

"As a text-book of useful intormation for drc)iit;ct<s engineew^ iOKnjOn, ft IW 
tuurd to find « handier or more complete little volume."— iStofu&rtaC 

"A yonag architect could hardly have a batter Koide-book."— Timter Thtda yiummt, 

Taylor and Cresy^s JBoma. 

THE ARCHITECTURAL ANTIQUITIES OP ROMS. By 
the late G. L. Taylor, Esq., F.R.I.6.A., and Edward Crbsy, Esq. New 
Edition, thoroiighly Revised by the Rev. Alsxamder Taylor, M.A.(8oa of 
the late G. L. Taylor, Esq.), Fellow of Queen*« College, Oxford, and Chap- 
lain of Gray's Inn. l arge folio, with 13c Plates, half-bound, £3 35. 
" Taylor and Cresy's work has from Its hrst publication been ranked araongf those professionil 

books which cannot be bettered. ... It wouli be difficult to find examples of drawings, evrn 

»mong those of the most pa ins tak i ng students of Gothic, mora thoroughly worlced out than axe the 

one hundred and thirty putes in this rt3tamit."'-^AreMitta, 

lAnoav JPd/'spcd'ivOm 

ARCHITECTURAL PERSPECTIVE: The whole Course and 
Operations of the Draughtsman in Drawing a L:^rgc House in Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. Dem? 
8vo, 3s. 6d. hoards. [Jiitf pM»ktL 

Architectural Dratving. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and rorPf ^ Student in Architecture. By Gkorgb Pyns. With 14 Plates,4to, 

7s. 6(i. boai lis. 

Sir Wm. Chambers on Civil Architecture.. 

THE DECORATIVE PART OP CIVIL ARCHITECTURE' 

By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A Revised 
and Edited by W. H, Leeds, with a Memoir of the Author. 66 Plates, 4to, 
SIS. cloth. 

ETouse Building and Repairing, 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book ar^apted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Btiilder. By 
James D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. Mn lff, 
A. R. I . B. A. With numeroos lilnstrationa. Fourth Edition, Revised, Crowa 
8vo, 3s. 6d, cloth. 

" In two yarn it iriD repay Its cost a hmdred lliBM Of9t.*'—PiiU, 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS 
How to Plan and Build Them. Containing 33 Plates, with Introductioni 
General Explanations, and Description of ea^ Plate. By James W. BoooIi 
Archueot, Author of ** Domestic Architecture/' &c. 4to, xos. cloth. 
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The New Builder's PWre Book, 1892. 

LOCKWOOD S BUILDIiK'S PRICE BOOK FOR 1892. A 
Comjprehensive Handbook of tbe Latest Prices and Data for Bnilders. 

Architects, Engineers and Contractors. Rr-'O istructed, Re-rvritten ana 
Further Enlarged. By bsLAHci^ T, W. Millsk. ;oo closely-printed pages, 
crown 8vo. 4s. clotb. JJm^ published. 

"This book is a very useful one, and should find a placo in evsty KSfcHlh oBot OMUMCtsd with 

the bonding and enqineerinj; professions."— /nrf**j/ri>j-. 

"This Piii:- Hook has been set up in new typ*-. . . . Advantage has been taken of 'h<-\ 
Irinsformati' 11 ■. > a<l 1 much additional information, and the volume is now an excellent book, of 
icfcrencc.' - .!', hi.y^t. 

"In its new and revised form this Price Rook is what a work of this k*nd should be — compre« 
hensive. reliable, well arransred. legible and wellb n^."—JtrMsM ArehiUet, 
" A work of csuolisbedreputation."— ^«A«iMmifiM. 

"This very useful handbook is wdl wfitt«B,exce«dingly cleof la its oapliaatioiw and g»e»t 

care has evidently been takeatoomsora acomcy. — vt/or/un^ AdverfUtr, 

Deaigniiigj Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS. Containing Dirertion ; for 
taking Dimensions, Abstracting ilie same, and bringing the Quantitu s into 
Bill, with Tables of Constants for Valuation of Labour, and tor the Calcula- 
tion of Areas and Solidities, Oi i"i!ia11y f dited by Edwakd Dobson, Architect, 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Re pairs, and Contract^ by E VVyndham Tarn, M.A. Sixth 
Edition, including a Complete F^: ni of a Bill of Quantities. With SPlates and 
63 Woodcuts. Crown bvo, 7s. 6(/. cloth. 

•* Well f ulfils tl'.i? |tr(iiiiise of its title-page, and we can thoroughly recommend it to the class 
for whose use it has t eon < >nii<iled. Mr. Tarn's additions and revisions have much increased tho 
osefulat^ss of the work, a 1 i h.ivc esnccially aupnented Its value to students." — EnfiHetriHg. 

. '* This edition will be found toe mott coinpleio ttoatiae on tlM prindplos of .neasurlnc and 
vuning artiicers' work tl»t has yet been published."— irwi/tftyviVrwi. 

Foclxet Ksfimdtor and Teclniical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tecb- 
nical Directions f ir Measuring Wo: k in all the Building Tr adrs, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A« C. Beaton, Author of 
"Quantities and Measurements," J;c. Sixth EditioUi Revised. With $} 
Woodcuts, waistcoat-pocket size, is. 6d. gilt edges. LJt^it published, 

" No buildor, architect, surveyor, or valuer should i>e without his ' Beaton.' ' — Buiiditt£ News. 

**CoaMittS an extraordinary amount of information in daily requtntioa in nieasumiflr and 
ttttntfag. Its presence in the pocket will save valuable time and troublo."— ^MflUSffV' '♦w*. 

Donaldson on Specijications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
rineers. By Professor T. L. Donaldson, P.R.I.B.A.t fto. New Edition, in 
One large Vol , »vo, with upwards of 1,000 pagss of Text, and 33 Plates. 
£1 lis. 6d, cloth. 

'*Ia dib worile forty*fonr specifications of execnted works are f1v«Bi Indudlnir ^ tpedSca* 

Hoes for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Roval 
Bi^iange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkable 
doctnnent. It embodies, to a g^roat exteni; as Mr. Donaldson mentions, 'tlic Mil of quantities 
with the descrirition of the >^orks.' . . . It is valuable as a record, and more valuable still as a 
book of pre::rdr::-.>. . . . Suffice it to say that DooaldMn'k 'Handbook of SpocMca t i on a 
must be bouglit by all architects." — Builder. 

Bartholomew and Rogers^ Specifications* 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on tbe Structure and Science of Modem Buildings. Upon the Basis of the 
Work by Alfrkd Baktholomevv, tV. )! ' n^Uly Revised, Corrected, and trreatly 
added to by Frederick Rogers, Architect. Second Edition, Revised, with 
Additions, With numerous lilastrations, medium 8vo, 15$. cloth. 

"The colli^ction of specifications prepared bv Mr. Rosfers on the basis of Bartholomew's work 
Is too well known to need any reconinien iation from us. It is one of the books with which every 
young architect must be equipped ; for tune lias Shown that the specificsttons cannot be set aside 
through any defect in i!l\eai,"—ArcMiuci» 
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Build h} ; Civil and Ecclesiastical, 

A LOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund Beckett, Bart., LL.D., F.R. A. S., Author of "Clocks and 
Watches, and Bells," &c. Second Edition, Enlarged. Fcap. 8vo, 55. cloth. 
" A book which is always amusing and nearly always insUucUvs* Tte iQlit ttfOO^MMt ii iB 
the hii'ht^t dejfree condensed and epigrammatic."— JitiiMf. 

I entilation of Buildings. 

VENTILATION, A Text Book to the Practice of the Art oj 
VtHtilating Buildinp. With a Chapter upon Air Testing. By W. P. Buchan, 
R.P., Sanitary and Ventilating Er.einccr, AtHlhor of ** Plumbing," &c. With 
170 li'ustrations. i2ino, 4s. cloth boards, [Just published, 

Tlie Art of IHumhing, 

PLUMBING, A Text Book to the Practice oj the Art or Craft 0] 
ik$ Plumber t with Supplementary Chapters on Home Drainage^ embodying^ thi 
latest ImprcvemevU. By William Paton Buchan, R.P., Sanitary Engineer 
and Practical Plumber. Sixth Edition, Enlarged to 370 pages, and 380 
Illustrations. lamo, 4s. cloth boards. 

" A text book which may be safely put in the hands of vrvrf yo\anft plmiber, aad which will 
also be found useful by architects and medical profeuors."— ^MiA^r. 

" A valuable text book, and the only trMtise Which c«& benKVded as ftiMllyvriiablemuaal 

of the plumber's art."-~^j^j7i/i"«X^ AVii j. 

Geometry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, for thi AnhiUct, Enginter md 

Mechanic, Giving Rules for the Delineation and Application of various 
Geometrical Lines, Fibres an<5 Curves. By E. VV. Tarn, M.A., Architect, 
Author of "The Science of Building," &c, Second Edition. With 172 Illas* 
trations, demy 8vo, gs. cloth. 

" No book with too same objects in view has ever been published in which the clearness of the 
rules laid down and the ilhtratnre diagrams have been so 8etis&ctoiy."-^S«<riw«i. 

19^ Seienee a/ Qwmeiry. 

THE GEOMETRY OF COMPASSES: or, Problems RisoM 

by the mere Description of Circles, and the use of Coloured Diagrams and 

Symbols, By Oliver Byrne. Coloured Plates. Crown 8vo, 3s. 6d, cloth. 

"The treatise Ls a ^:nnd one, and remarkable— like all Mr. Byrne's contribuiioillS to Ae j 
sT gMiiietiy-<^or the iucid chancter of its te«ching."~^i<<tf«wir Ainwr. 



DECO RATIVE ARTS , eto. 
Woods and Mwllea (Imitation of), 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van der Burg and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
iS| hf I3| in., Illustrated with 24 full-size Coloitred Plates; also 12 plain 
Plates, comprising 154 Figures. S ec end and Cheaper Edition. Prioe £1 iu.6tf» 

List of Plates. 

1. Various Tools required for ^^'ood Painting ' Finished Specfanen — iq. Mahogaiiy ; Specimens 
— a, 3. Walnut: Prcliniin;i.ry Stages of Graining of various Cirainsancl^ Methods of Manipula:i! a 
and Finished S; r imen - 4. "Tools used for 
Marble Paintini,' ,iiui Method of Manipulation — 
f,6. St. Remi Marble: Earlier Operations aad 
1 inished Specimen — 7. Methods of Sketching 
diffuent (drains. Knots, Ac— 8, 9. Ash: fre* 
Undnary Stages and Finished Specimen'— xe. 
Methods of Sketching- Marble (trains— xz, is. 
Breche Marble: Preliminary Stag<»s of Working 
and Finished Specimen — 13. Maple : Methods 



of Produciiijj the different Grains — 14. 15. Bird's- 
eye Maple: Preliminary Stages and Finished 
Specimen— 16. Methods of Sketching the dif- 



ferent Species of White Marlile — 17, 18. White 
Marble: frehminaiy Stac;es of Process and 



ai. Mahogany: Earlier Stages and Finished 
Specimen — 22,23, ^i^ruia Marble: Varieties 
ot Grain, Freluninary Stages and Finished 
Specimen — 35, a6, 07. Janiper Wood : Methods 
ot produciqff Grain. &c. : Prehminary Stag/st 
and Finished Specimen-nA 30. Vert de 
Mer Marble : Varieties of Grain and Methods 
of Working Unfinished and Finished Speci* 
mens — 31- 3a. 3?. Oak: Varieties of Grain, Tooh 
Enaployed, and Methods of Manipulaikon, Pre- 
ttmuary Stages and Finished Specimen— 34, 3S 
36. Waulsort _Marble: Varieties oC Cri^ Ua* 
rnMiirtl ^ftH 



* ♦ Opinions of the Press. 



" Tho«;c who desire to attain skill in the art of painting woods and marbles v. ill find advantac* 
In consulting' this book. . . . Some of the WorkW Men's Qubs should give tneu young mta 
the opportunity to study \%."—Builiier. 

" A cc>iii;)rehensive guide to the art. The explanations of ^ oroccssei; the aanlputatiOB sod 
man.iKen-.ent of the colours, and the beaatifiilly executed pUtes wifl not be die least TlA " ' 
Student who aims at makiiw ^ wock a ftiUdul tzanscripf <tf aatura.'*— JMAMv J^*^ 
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House JJecoration. 

ELEMENTARY DLCORATION. A Guide to the Simpler 
Forms of Everyday Art, M applied to the Interior and Exterior Decoration of 
Dwelling Uooaei^ Ac. By Jambs W, FacbYi Jan. With 68 CnU. lamOf at. 

cloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, tbe Arrangement of Colonra in Apartments, and the 

principles of Decorative Dcsi^^n. With some Kr in r. hs upon the N uareand 
rroperties of Pigments. By James William Face y, Author of " Eleinentery 
Decoration," &c With numerous lUustrationt. lamo, 2s. 6d, cloth limp. 

N.B,^The abcv$ Two Works togethtr m On$ Voh, sirongl^ Mf-hound, 51. 

fMour. 

A GRAMMAR OF COLOURING. Applied to Decorative 
Painting and the Arts. By Gf.orob Fibld. New Edition, Reviaed, Enlarjged, 

and adapted to the w^r cA xV.r- ( irnar.if ntal P.iinter and Desifrner. I^y ELLia 
A. Davidson. With Mew Coloured Diagrams and iingraviugs. I2m6, 3s. 64, 
cloth boards. 

" Tbe book is a most useful resutm of the propeities of plgnwati.''-*i0Maim 

House Vaintinfj, Gvaininfj, etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
H^/?/r/A^Cr, A Practical Manual of. By Ellis A. Davidson. S xth Edition. 
With Coloured Plates and Wood Engravings. x2mo, 6s. cloib boards. 
" A mass of iaforaiation, of iiaa totha aaMtaur and oC vSUm to tbe practical muL'*^nglish 

liechanic, 

"Simply iaval iablc to the younirstcr entcHn<f upon tbis putloilar caUingi ud UgUy senrice- 
■ble to the man who is practising — Furniturt GattUU 

Decovdfors, Heceipts for, 

THE DECORATOR'S ASSISTANT : A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, t5. in wrapper. 
**VvXL of raedpti of value to decorators, painters, gilder., Sic. The book conuins the g^t of 

larger treatises on colour and technical processes. Itw< >uM b« dUBcillt to OMOk wUS a work SO fiiU 

«f varied information on the paiiuer's art."— ^mi/Jiw^ AVa/x. 

'I We recommend the worktoallwliOtWiMtherliwiitosMroor piotte, roqidro spddotodsoonh 

tion." — Plumber and Decorator, 

Moyr Smith on Interior Decoration, 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN, 
By J, Moyr Smii h. Super-royal 8vo, with 32 fuii-page Plates and numerous 
smaller Illustrations, handsomely botind in cloth, gilt top, price z8s. 

"The book is well illustrated ;ind handsomely crot up, and contains SOBM tlOft CriUciSa aada 
rood many good examples of dccurative treatment. — The Builder. 

" Thii is the most cUhoraic and l>cautitul w.ulc on the artistic decoration of interiors that we 
hare seen. . . . The scrolls, panels and other dcsi«;ns from the author's own pen arc very 
bfiautitul and chaste ; but he takes caio tlutt tbe doilgBS of oUierneii shall Sgtuo «vsn SBOfO than 
his own. " — L iverpool A Ibion, 

**To all who take aa laterest hi slaborato domestie oraament this handsome toIhsm wID l>e 
welcome. "— G rafh ic. 

Britisli and Foreign Marbles* 

MARBLE DECORATION and the Termino!os:y of British and 
Foreign Marbles. A Handbook for Students. By Georgb H. Blagrove, 
Author of** Shoring and its Application," &c. With 28 Illustrations. Crown 
fivo, 35. 6d. cloth. 

" This most useful and much wanted handbook should be in the bands of every architect and 
Utlder."— JlifflSiftVir irorld. 

" It is an excellent manual for stiadeats, and interesting to artistic readers r«aeraUy ."—.Sa/MfiAyr 
Xtview. 

" A carefully and usefuUy wiltton treatlso ; tho work is sissntislly ^acttcsL"— JMnMaN. 

Marble Working^ etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 
Architect^;, Artists, Masons and Students. By Arthur Lee, Author of " A 
Visit to Carrara," " The Working of Marble,'' &c. Small crown 8vo, is. cloth. 
" A realty valaabla additloa to the techoical litonitiira of architocts and aMooas."— A^MMnv 
Ntws, 

C 
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DELAMOTTE'S WORKS ON ILLUMiNATlON AND ALPHABETS. 



A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
Be^nnert : with a Rudimentary Treatise on the Art, Practical Directions for ■ 

its exercise, and Examples taken from Illuminated MSS., pr^ntcri in Gold and 
Colours. By F. Dexj^mottb. New and Cheaper Edition. Small 4to, 6«. orna* ' 
menta] boards. ! 

"The examples of ancient MSS. recommended to tlic ^tnlcr t, which, with much pood sen5;e, 
the author chooses from coUectk»s accessible to aU, are selected with judgment and Kuowled^et i 
as wdt as tasta.**— u^/Ammmim. 

ORNAMENTAL ALPHABETS, AneUnt and MtHatml, from the 

Eighth C wUh r\ii<rn.:!s; including Gothic. Church-Text, large and 

small, German, Italian, Arabesque, Initials for Illamination, Monograms, 
Crosses, &c. &c., for the nse of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographei s, Enc;ravers, 
Carvers, &c. &c. Collected and Enfrraved bv F. Dklamotte, and printed in ; 
Colours. New aud Cheaper Kdition. Royal 8vo, oblong, zs. 6d. ornamental 
IxMurds. 

' ' For those who Insert enamelled sentences round gikted chalices, who blazon shop l^^ends Oiar 
she :> doors, who letter church walU with pithy sentences from the Decalo^fue, this book will tie ma- 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental: 

including German, Old English, Saxon, Italic, Perspective. Greek, Hebrew, i 
Court Hand, Hn^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque; 
with several Original Designs, and an Analysis of the Roman and Old EnplisV. 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and En-raved by F. DelamotTB, and printed in Colours. N«W 
and Cheaper Edition. Royal 8vo, oblong, 2S, 6d. ornamental boards. 

"There is comprised in it evtry possible shape into which the letters of the alphabet and 
numerals can be fotraed. and the talent which has l>een expaadad ia tlieCOIlOaptlonorthefaftoilS i 

plain and ornamental letters is wonderful." — Standard. ' 

MEDL^VAL ALPHABETS AND INITIALS FOR ILLUMJ- 
NATORS. Bv F. G. Delamotte. Containing 2i Plates and Illuminated 
Title, printed in Gold and Colours. With an Intiodoction by I. Wilus \ 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 
" A volume in which the letters of the alphabet come forth Glorified in gilding and all the colours . 

of the prism in t w we ta a and lateitwlned ana inlwiidagfed*''— | 

THB EMBROIDERER'S BOOK OP DESIGN, ContainiDg i 

Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Fcrlcsi-istical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamotte, and printed in Colours. Oblong royal 8vo, is. 6rf. 
ornamental wrapper. 

** The book fdB be of great asdstance to ladles and voungr chfldren who ave endowed with th 
art of plyhig the aeedle in this most ornamental and useflU pretty work."— JSEm# Ai^gHMt Titms, 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 

Crown 8vo, 25. in emblematic wrapper, 

" The handicraft of the wood-can«r, SO weB at a book cta Impait 1^ tatj be leatnt firaoi * A 
Lady's' publication."— ^McfurMM. _ 

^* The difectkms gir en aft tOiOa and easily andefseMd."— <fifwttr A MtektaUe, 

Glass Painting. 

GLASS STAINING AND THE ART OP PAINTING ON 

GLASS. From the German of Dr.GESSERT and Emanuel Otto Fk^mberg. 
With an Appendix on Thb Art OF Bnambixuiq, x2mo, as. 6d» cloth limp, 

Li€f ter Painting, 

THE ART OF LETTER PAINTING MADE EASY, By 
jAm Bs Grbig Badbhoch. With iz full-pa£;e Engravings of Examples, zi. 6d. 
cloth limp. 

" The system is a simple one, but quite original, and well worth the caiflU attanHoB of letter 
painters. It can be easUy oxastered and remembered."— i^MfZi^^i' Aiw*. 
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CARP ENTRY, TIMBER , etc. 
Tredgold's {ku^entry^ Itevised Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY, 
A Treatise on the Pressure and Equilibrium of Timber Framiri'?, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roots, 
Unitinff Iron and Stone with Timber, ftc To which is added an Essay 
on the Nature and Properties of Timber, Ac, with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber Ibr diArent purposes, the Specific Gravities of Materials, fte. Bv Thouas 
TnnoGOLD, C.E. With an Appen<lix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, tboroughlv revised and considerably 
enlarged by B. Wyndrau Takn, M.A., Anther ot *'The Science of Build- 
ing," &c. With 6 1 Plates, Portrait of the Aathor, and several Woodcuts. In 
one large voL, 4to, price £i 5s. cloth. 

**Oui;ht to be in erwy architact's md cveqr bulder's VlbTarr.'*-^Bui/d<r. 
** A work wlios» flBoaunMffltal axcelteace amat comnmid it wherever skilfol camntiy b am* 
cemed. The •iitteff't principle* are rather eentnaed tiiMi loipeired by tine. Tbe addhioinal 

plates are of gnat bttrinsic value."— /7u iUUltgNtm*, • 

WoodworMng Ma ch i n ery. 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Milisand the Economi- 
cal ConT«ni!on of Timber. Illostratediwith Examples ot Recent Designs by 
leading English, French, and American Engineers. By M. PowiS Bals, 
A.M.lnst.C.E., M.I.M.E. Large crown 8vo, 12s. 6d, cloth. 

** Mr. Bale is evidently an expert on the subject and he has collected so much Information that 
Ms b<Mk is aU-suAcient for buildeis and others enfaged in the conversion of limhex. "— A tyhiitri, 

"The most comprehensive cooipendiitni ef wood-working machinery we have se«i. The 
aathor is a tborouf h master of his %uhl^X.."~Buileiiftg- .Vcrrs. 

The appearance of this book at the present time will, we should think, give a considrraMe 
Impetus to the onward march of the machinist eng^a^^ecl in the designing and manufacture of 
wood-workiac machine. It should be iu the office of every wood-working ikctory."—£'tt£iuh 

Saw Mills. 

SAW MILLS : Their Arrangement and Management, and the 
Economical Conversion of Tinibrr. (A Companion Volume to *' Woodwork- 
ing Machinery.*') By M. Powis Bale. With numerous Illustrations. Crow 
8to, lof. 6d. cloth. 

" The admtnistrmtUn of a laq|e Mwiiif esCaldidnaent is discussed, and the mbfect eaiaiiibiew 
from a financial standpoint. We coidd net dmre a mere complete or pracnca] ticvmm^'^BMadtr, 

•* We highly recommend Mr. Bale's work to the attrnti n nnd prni<;nl of ?,!! those who are en- 
anured in the art of wood conversion, or who are about building; or rcuiodcliiuj; saw-mills on im- 

Ctirpentering. 

THE CARPENTER'S NEW G UIDE ; or, Book of Lines for Car- 
penters; comprising all the Elementary Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson's Standard 
Work. A New Edition, Revised by Arthur Ashpitel, F.S.A. Together 
with Practical Roles on Drawing, by Gborob Pymb, With 74 Platea* 
4to, £1 IS. cloth. 

Handrailing and StaivJmilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Findin«r the Pitch of the Plank, Drawini? the 

Moulds, Bevelling, Jointin^-up, anrl Squaring tho Wreath. By George 
CoLLiNGS. Second Editioni Revised and Enlarged, to which is added A 
Treatise oh Stai«buildiko. With Plates and Diagrams. x«mo, 2s. 6ff. 
cloth limp. 

Will ht found ofptactical utility in th<- eif cutinn r>f this difficult branch of joineiy."— f i«»Urr. 
" Almobt every dimcult phase of this o i ewh ii intricate biaach oC Jeineqr & dttCMStCd by the 
aid of plates and explanatory letterpress."— /'Mr/ft/Mr« GoMiUt, 

Circular Work, 

CIRCULAR WORK IN CARPENTRY AND JOINERY : A 
Practical Treatise on Circular Work of Sin/le and Double Curvature. By 
George Collings, Author of " A Practical Treatise on Handrailing." Illns- 
trated with nnraerons Diaarams. Second Edition, ismo, 2s. 6d. cloth limp. 
An excellent example ef wliat ahook «i this kind should be. Cheap In price, dear <n defini- 
tion and practical in f he emniplcs selected.*'— iltt<U«r, 
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Timber Merchant'^ Companion* 

THE TIMBER MERCHANTS AND BUILDER'S COM^ 
PAN ION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, fiom One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet; the proportionate 
Value oi Deals and Battens bv the Standard, to Square Timber by the Load 
of 50 Feet; the readiest mode of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, Ac. &c. By 
William Dowsing. Fourth Edition. Revised and Corrected. Cr. 8vo> 3s. cl. 
*• We are glad to see a fourth edition of these adniirabla ubles, which for c ene cti Mas aad 
simplicity of arrangement leave notliingf to be <leBred.**^7VMiAir 7>mdti SfmtfmU, 

"A i <■: >-d\i\-^\y weil-arrans:'*d, clear, and coodae manual of tables wr the OM of ill wlio boy 

or >ell tuuher.' — yoitrnal of foriitry. 

J^racfical Timber Merchant, 

TiiiL PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., comprising 
useful T iMes for all purposes connected with the Timber Trade, Marks of 
Wood, Lssay on the Strength of Timber, Remarks on the Growth of Timber, 
&e. By W. Richardson. Fcap. 8vo, 3s. 6d. cloth. 

" This hao<!y manual contains much Taluable information for the me eC timber merchants, 
builders, foresters, and all others connected with the growtii, sale, and mamifcctiire of timber."— 

Journal 0/ Foreitry. 

Timber Freight Book, 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Ttado. By WncuAM 
RicHAKOsoN, Timber Broker; together with a Chapter on "Speeds of Saw 
Mill Macmimsry," by M. Powis Balb, M.I.M.E.* &c. lamo. 34. 6d. cl. boards. 
** A Tery useAd manual of rxiles, tables, and memoranda fainting to the timber trade. We re* 

commend it as a compendium of calculation to all timber aettmeit and aeichaBtIb and as tnpgl]f» 

lag a real want in the U^die"—Buiidin£ Ntws. 

Facking-'Case Makers, Tables for. 

PACKING^ASB TABLES ; showing the nnmber of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oolong 4to, 5s. dd. cL 

** Invaluable labour •saving ubles."— /fVf*m<7nv^r. 
"Will save much labour and caicalatioa."— gr<x«r» 

Superficial Measuremen t, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT, Tables calculated from z to aoo inches in length, by x to 108 
laches in breadth. For the use of Architects, Sorveyors, EogiDeers, Timber 
Merchants, Boildenw ACt By Jambs Hawumos. Third Bditton. Feap., 
3s. 6d, ciotb. 

** A meAi! collection of tables to facilitate mpid calculation of surftcet. The exact area of any 
surface of which the Hmib; have been ascertained can be instantl/ deteiained. The book will be 

found of the ffteatest utility to all oiii^a^^ed in building ooenttlMtt.**— JMtMMM. 

" These tables will be found of pmatassistanceto all wbo require to makecakolitlonslaaipec^ 

ficiai measurement."— isn/^/u/i Mechante, 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In. 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Car* of Woodlands. Bj F.B. 

Hough. Large crown bvo, los. cloth. 

Timber Importer's Cruide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S AND 
BUtLDBR'S STANDARD GUIDB. By Rtchakd B. Gkahdt. Compris- 
ing an Analysis of Deal Standards, Ho:nn and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, indading all intermediate Expenses, Freight, 
InsMrancp, &c, .'^fc. Together with copious Information for the Retailor aoa 
Builder. Third Edition. Revised. lamo, as. cloth limp. 

**ET«rjrtIiinir >t pretends to be : built up c^^adually, it leads one from a Ibrast to a tieaaal^ aad 
^il!^^ ** * » bost <^ aatarial concembw bricloi columasi c ii ta is % *c'*<-JrM(rAM 
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MARINS SiNaiMJBEiUNa, NAVIQATION, eto. 
Cha4n Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chaios» 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. Bv '1 homas W. Traill, F.E.R.N.. 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, lllnstrations and Lithographic Drawings. FoHo, £2 ». cloth, 
bevelled boards. 

** It contains a vast amount of valuable infonnatioii. Nothing seems to t>e waatiag to make it 
a c e nipl sli ad smdsfd wofk of Mteenot oa tha subject.'''— iAte«lA»f Magaaim, 

Marine Mnffineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author aad by G&okge Carlisle, C.E., 
Senior Surveyor to the Board of Trade at LiverpooL ismo, 51. cloth boards. 
** Well adapted to give tlie jomg steamship eqgineer or manne eagfne and boiler maker a 

general introdactton Into Ills praokal work."^ MechmtUtmi tVorid. 

'* We feel sure that this thoroughly revised edition will continue to be as popular in the Aituro 

as it has been in the past, as, for its size, it contains more useful iuformation than any similar 

tnutisn." —Jnduitrifs. 

The inforniation j;iven is both soun?! and sensible, and well qualified to direct young sea- 

poiriy: hands on the straij£ht road to the extra chiei's certificate. Most u«.cfLil to survejOT^ 

in&pectori, draughtsmen, aad all >oun^' enhancers who take an interest in their profession." — 

Glasgow HermUU 

"An indispensable manual for the student of marine tXi^r^^^vm^."— Liverpool Mercury. 

J^OcTcet^Bookfor Naval Architects antl Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POC KET-BOOKof Formula, Rules, and Tables, and MA RINE ENGIi\EER'S 
AND SURVEYOR'S Handy Book of Reference. By Clement Mackrow, 
Member of the Institution ot Naval Architects, Naval Drai^^htsman, Fourth 
Edition, Revised. With uumerous Diagrams, &c. Fcap., us. 6d, strongly 
bound in leather. 

" Win De found to contain the most useful tables and formulae required by shipbuilders, carefully 
coUect«>d from the t>est authorities, aad put together la a popular and simple <ona."—h n£tnf<r. 

" The profeasioaal shipbuilder has now, m a convraient and accessiUe form, reliable data for 
solving many of ttia ttimerous problems that prasent tiiemsetves in the course of ids work.**— /rM . 

••'rhereis scarcely a suJ ;fct on which a naval architect or sliiphuildrr can require to refresh 
his memory wttich will not be iuund wiUun the covers of Mr. Mackrow s hook. —Jin^^iishMeeAanic 

JPocket-Book for Marine Engineers. 

A rOCKET-BOOK OF USEFUL TABLES AND FOR. 

MULM FOR MARINE ENGrNEERS. By Prank Proctok, A.I.N.A. 

Third Edition. Royal 32mo, leather, gilt edges, with strap. 4s. 
••We recommend it to our readers .as firoinK far to supply a long-felt wAnt/'—yaviU SciefUg, 
**A moat OMintcanpaakn to all marine engineers.'*— £^»AM&r»M)t IfatacMi; 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERLWG : A Manual for Young Marin§ 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Constmction and Management of 
Marine Engines and Boih r?, Geometry. Sec. Sec. With an Appendix of Useful 
Tables. By John Sherren Brbwbk, Government Marine Surveyor, Hook* 
kong. Smallcrown 8vo, as. dotb. 

(JifiUdins much valuable inforniation for the class for whom it is intended, espedaDy Ul the 

ch-«pter>j on the manasfcraent of boilers and engines." — JVattfira/ yFa::azint. 
• A useful introduction to the more clat>orate text books .' -Siofs'nan. 

«• To a student who has the requisite desire and resolve to attain a thorough knowledce. Mr. 
Brewer ofltes<leGid«UyiiMAabelp.'*-^MtfiMMMs. ' w 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Thb Sailor's 

Sha-Book, by James Greenwood and W. H. Rosser : together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry Law, C.E., and Professor J. R, Youmo. lUuttrated, z2mo, 7s, 
tt'OOfl^T half-bound* 



uiyiii^uo Ly Google 



zi, Cly:u:>hi LOCKIVOOD SON'S CATALOCrUE. 
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Metallifei'ous Mining in the United Kingdom* 

BRITISH MINING: A Treausc on the History, Discovery, Practical 
Development, and Future Prospects of MetalHJerous Minet in the United King" 
dom. By Robkrt Hunt, F.R.S., Keeper of Mininc Records; Editor of 
" Ure'« Dictionary of Arts, Manufactures, and Mines," &c. Upwards of 950 
pp., with 230 lUastratioiii, Second Editioa, Revised, Snper-royal 8vo, 
£z zs. cloth. 

"One of llie most raluable works of reference of modem times. Mr. Hunt, as keeper of mining 
records of tlve I'mtcd Kiugdom, has had opportunities for such a task not enjoyed by anyone els^ 
and has evidently made the most of them. . . . The l.-\ii4jua;ir and style adoj>tfcd are ^^ood, ana 
the treatment of^ the various subj<!CU laborious conscientious, and scientific."— £rt£-ififeriti£'. 

"The book is, in fact, a treai.uro-li«iM» Of Statistical information on miniue subjects, and we 
kiMir of no oth«r work •mbodyiag so CfMt a mass of m&tter of this kind. Were this the only 
morit of Mr. Hunts ToJume. It would Bft •nficient to tender it indispensable in this libnuy of 
everyone interestodiatkodovotopMBtof tlMnlaiaff awlflMtalilllgkalllM^^ 
'—Athtfucuni. 

A mass of inrormation not elsewhere available, and of tte gtWtCllirailie tO mote inO may 
be interested in our great mineral industries." — Engineer. 

like collection of intetcMOf facts. . . . The amount of Information 
Mr. iiunt has brouf ht together is enormous. . . . The volume appears likely to coar^ moro 
instruction upon dio sobjoct dian anjr worlc hidiotto piibHtfMid.*'--Jf)ft»inf TimrMoA 

Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK : A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Desinied aa 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining; 
Students preparing for First-class Certificates. By Caleb Pamely, Mining 
Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti* 
tute of Mining Engineers. With nearly 500 Plans, Diagrams, and other 
lUuttraiioiu. Medium 8vo, about 600 pages. Price ^^i ^s. strongly bound. 

[just published. 

Coal and Iron* 

THE COAL AND IRON INDUSTRIES OF THE UNITED 

KINGDOM . Comprising a Description of the Coal Fields, and of the 
Principal Seauis of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an .■^c count of the occurrence 
of Iron Ores in W or Seams ; Analyses of tach Variety ; and a History ot 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper oi Mining Records. With Maps. 8vo, £1 8s. cloth. 
" The book is one which must find a place on the shelves of all Interested in oosl and iroa 
production, and in the iron, steel, and other metallurgical industries." — EngiuMr. 

"Of this book wt may uuresorvedly say that it is the lu-st o.*" its cln^ ■ wliich wf hive ever :r.rt. 
* . A book of reference which no one enga^^ed in the iroa or coal trades should uuiii uoiu iUk 
Ubnuy.'WraM mud Cmd IVwdes Review, 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK : A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.y, F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Editioiii thoroughly ReTised and Enlarged. Small 
crown 8vo, 3s. 6J. cloth, 

**W1U supply a much felt want, especially amon^j^ Colonists, in whose wav are so oAm tiuowa 
maar nUnoralo^tcal spectmeos the value of which it is difficult to determine. —/r>|f*»0i!r« 

"How to £td comracrciai mineimls. and how to identify clMm wlien they are fbund, are the 

leadlncf points to which attention is directed. The author has raanag^d to pack as mndipractical 
detail mto his pa^es as would supply material for a book tturee tines its SAxa." —Mining ^Qurnai, 

Mining Notes and Formnlce. 

NOTES AND FORMULAE FOR MINING STUDENTS. By 

IORN HsaiiAN Merivale, M.A., Certificated Colliery Manager, Professor of 
lining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Siuali crown 8vo, 25. 6d. cloih. 
" invaiuai>:e to anyone who is wondoiT ezamination on mtadng sntUecta. * — C an/ and 

frj*t TraJes Kt zu^w. 

" The author lias done his work In an excfe<l!pfyly creditable manner, and has produced a book 
t'. it tv ill be of service to students, and those who arc practically engaijed in mining operations,"— 

"A vast amoimt of technical matter of tliA utmost valne to mioinf enfi:incars. and of considesi> 
ahle intore:»t to itttdetiUr^Schoalmcs/er* • 



Digiii^uo Ly Google 



23 



Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise oa the Maiiufaciviro and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine and other Explosive Compounds. Including the 
Manufacture of Co:!odion-Cotton. By M. Eissler, Mining Enj^ineer and 
Meialiurgicii Chemist, Author of " The Metallurgy ol Gola," 6tc. With 
abont zoo IlliutratioDa. Crown 8vo, loi. 6d. cloth. 

"Useful not only to th« mir.cr, hwi also to o??icers of both serriccs to whom blasting and thd 
use of explosives gi-neraUy in.iy aay imic becuiue a necessary auxiliary. '—A'a/Mr*. 

" A vi-ritablc mine ofiuforniati >n on the subject of 1,p l< Wi re » wnployMi fOT niUtVy* mfatng 
and blastiii^ purposes." — .'frrny arJ JVaty Gazttie. 

" The book is clearly >sr f.eii. Taken as a whole. I'.e jnsiiler it an excellent little book and 
one that shoulU be found of great service to auoers and otliers wlio are engaged in work requiting 
the ttM of trnfMnmJ^-^Atkmrntm, 

Gold, Metallurgy of. 

THE METALLURGY OF COLD : A Practical Treatise on the 
Metallurgical Treatment of Gold-bMiing Ores. Including the Processts of 
Concentration and Chlorination, and the Assaying. Meltinfj and Refining of 
Gold. Bj M. EISSX.KK, Mining Engineer and Metallurgical Chemist, lormerly 
Assistant Assayer of the U. S. Mint, San Francisco. Third Edition, Revised 
and greatly Enlarged. With 187 Illustrations. Crown 8vo, 125. td. cloth. 

^ Tliis book thorough^ deienrw its title of a ' Practical Treatise. ' The whole proce« of gold 
mQling; firon the breaking of tke quaits to the assay of the bullion is described in clear and 
OTdMW narrative and with much, but not too much, fiimess of ^tMiL''^Saturday Rtvttw, 

** The work b a storehouse of information and vahiable data, ami «• Mrongly recaamwad It ta 
aO proCMSiooai mea engiged ia the gold-mining laduatry."-^M)»V ycumal 

saver, MetiMurgy of. 

THE METALLURGY OF SILVER : A Practical Treatise on 

the Amalgamation, Roasting and Lixiviation of Silver Ores, Includint; the 
Assaying, Melting and Kefining of Silver Bullioa. By M. Eissler, Author 
of '*TheMetallnrey of Gold ** Second Edition, Enlarged. With 150 Illus- 
trations. Crown 8vo, los. Od. cloth. [Jit^t puhtished. 

* ' A practical treatise^ and a technical work whida w are convinced wilt supply a long-felt want 
amongst practical nien, and at the same time b« of value to Student! and others indirectly conna ct ad 

with tne industries."— AfiM^^ ycurnml. 

" From first to last the book is thorougrhly sound and ni&Ji^Am.*'— Colliery Gumrdian, 

"For chemI^ts. [ rALtical mmers, assayers and investors alike, v^e do nOC kaOW of any WOllS 

on the sul]|J|ect so handy aad yet so comprehensive."— ti/oj^ow Herald, 

Silver-Lead^ Metallurgy of. 

THE METALLURGY OF ARGENTI FFROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead ui cs and the Refining of 
Lead Bnl Hon. Includiug Reports on various SmehingEstahlishmentsand 
Descriptions of Modern Furnaces and Plants in Europe and America. By 
M. Eissler, M.E., Author of "The MeUllurcy of Gold," &c. Crown 8vo, 
400 pp., with nnmerous Illostrations, 12s. 6d, dbth. [Jittt ptMUhed, 

Metalliferous Minerals and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING, By D. C. Davies, F.G.S., Mining Engineer, Ac, Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown 8vo, izs. 6d. cloth. 
"Neither the practical mbier nor Uia general reader inlaNalad la ndaas canhave a better book 
for Ma companion and his z^\de."—MiHinf y0umal, {Mining iV^rU, 

*' We are doing our readers a service in caUiafF their attentlott to thbvaluablo work."— 
" As a history of the present state of mining tlUOUi^lOttt ChO WOdd tUS bOOk kasa laal vahtO, 
and it supplies au actual want." — Athenautn, 

Mar thy Alinerals and Mining. 

* A TREATISE ON EARTHY OTHER MINERALS AND 
MINING, By D. C. Daviks, F.G.S. Uniform with, and forming a Com- 
panion Volnme to, the same Author's " Metalliferous Minerals and .v! ining." 
With 76 Wood Engravings. Second Edition. Crown 8vo, 12.'.. 6d. cloth. 
•* Wo do not remember to have met with any English work on ni'rir>ir nutters Uut contuna 

the same amoimt of information packed in oqnslty convenient form."— . f aa^f.ty. 

•■ W'c should be inclined to rank it as among tho very best of the handy technical and tcadas 

BiAjiuolj Aiu-h have recently ai>peafed."— ^rWr* Oumrterfy Jteview, 
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Mineral Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COMPLETR 
GUIDE, comprising a Treatise on Improved M imng Surveying and the Valua- 
tion of Mining Properties, with New Traverse Tables. By Wm. Lintern, 
Mining and Civil Engineer. Third Edition, with an Appendix on " Magnetic 
and Angular Surveying," with Records of the Peculiarities of Needle Dis- 
turbances. With Four Plates cf Diagrams. Plans, ftc. X2mo, 45. cloth. 
" Mr. JJatwro's book tuam avaluabk and thoroiwfaljr Irustwoitlij fuktob"— ym» mM4 Ctai 

This new edition must Im oftlM UghMtvalue to colliwy sumyofs* propfflalois ud ata»- 

gers." — Loilitry UnarJian, 

Asbestos and its Uses, 

ASBESTOS : Us Properties^ Occurrence and Uses, With some 
Accotint of the Mines of Italy and Canada. By Robbrt H. Jombs. With 

Eight Collotype Plates andotKicr Illustrations. Crown 8vO| zas. 6if« cloth* 

** An interestini.' and inTajuable wotk."—Ccd/ur\ CuurJian. 

" 'A'e cour,s'-l our readers to fifet this exceedingly interesting' work fcr themselves; they wil] 
find in it much that u, !>ug£e&tive, and a peat deai that is of immediate and practical usefuinMS.**-* 
BuihUr. 

" A valuable addUiMi to the architect^ and eng:in«er's libraiy."— ^Mi&^i'v' Newt* 

Umlerground Tumping MMhinery, 

MINE DRAINAGE. Being a Complete and Practical Treatise 
OQ Direct-Acting Underground Steam Pumping Mac^iinery, with a Descrip> 
tion of a large number of the best known Engines, their General Utility and 
tl.L- Special Sphere of their Aciion, the Mode of their Application, and 
tiieir merits compared with other ionusof Pumpiag Machinery. By Sxsphkm 
MicHELL. 8vo, 15s. cloth. 

••"Will be highly esteemed by colliery owTi«fg lad lessees, mining enfrinecrs, and students 

rneralJy w ho rf<iuire to be acquainted with the best means of secuiing the drainage of mines. It 
4 . Juii !t> wori^aadttaadsafanostaloae in the Utwattire of ste— pempiag iyarWwy.*w 



Coiiur-y OuardtaH. 

"MuchTaluabtelnfbmatioate given, so that the book h thoroughly worthy of an 
circulation amongst practkal aea and purchasois of tajukaaiUf»'''—MiMiHg 3f»MmmL 

Mining Tools. 

A MANUAL OF MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. lamo, as. 6d, cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain. 

ini;335 Illustrations of Mining Tool?, drawn to scale. 4to, 4s. 6</. cloth. 

"Students In the science of mining, and ovcririen, captains, managers, and viewers may gzdm 
pr«cti(.a' knowledge and useful hints by the study of Mr. Morgans' m.inual." — CoUiery Guardian. 

"A valuable work, wliicb will tend materially to improve our mining litoratiiiei,"— J^wsiip^r 
y«Sf maA 

Coal Mining. 

COAL AND COAL MINING: A Rudifimfary TnaHu on. By 

»' (• late Sir Warington W. Smyth, M.A,, F.R.S., &c., Chief Inspector of tbe 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
T.aroerous 1 llnstrations. rano, 45. cloth boards. 

'"A*, an outline is j^iiven of every known coaJ-fit-Ul in this and other countries, as well as of tho 
principal methods of workiuf, tbe book will doubtless interest a very large number of readers." — 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, ^'n\\ and without the Magnetic Needle. ByTHOii as Fenwick, 
Surveyor of Mines, and Thomas BakbRi C.£. lUiut. ismo^ 3s. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES, By 
Gforge F. Harris, F.G.S., Membre de la Soci6t6 Belpo de G<fo!o?ip, Ler- 
tercr on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown rsvo, 2s. 6U. cloth. 
— 9<- A- ^If^'* well written manual for persons engaged or interested in the granite industl}*. ' 

An '"*r«V'"^ "^^'^^ "j" ^* deservedly •stMm«L"-C«tfdkry(;»*«rrf<»i». 

iccounfai il llTi^ i""* valuane monograph on a snbjeet whkb hasbltberteteceM 

iccounutly hiUc aiteiuion m the khape of systematirUurary faea.irebt."-,&««£rA L^mdtr. 



Uigiiized by Google 



ELECTRICITY, ELECTRICAL ENGINEERING, etc, »5 



ELECTRICITT ELECTRICAL ENGINEERING, etc. 

Eiectrical Engineer inff. 

THE ELECTRICAL ENCmEER'S POCKET-BOOK OF 
MODERN RULES, FORMULAE, TABLES AND DATA, By H. R. 
Kbmpb, M.Inst.E.R., A.M.Inst C.E., Technical Officer Ptoatal Telegraphs, 

Author of " A Handbook of Electrical TMting/' &C With nninerous Illus- 
trations, royal 321110, oblong, 5s. b a'her. 17***^ publiihtd* 

'" ThTff is very little in the 5hapr of furma! e or data which the electrician is likely tO want 
inahuir '111 !i annot be fouiul in its ^^'.iges "— /Vi.>, vu-a/ I-nj^in^er. 

*' A \CT^ useful hook r f reference for daily use in practical electrical engineering and its 
vatiOM'i nppUcatiuns to the industries of the present day." — Jroi»» 
" It is the best book of its kinA. "—Etectrual Ettgineer. 
"The Elacttlcal Engineer's Pockc(>Book is a good ow^."— Electrician. 
'Stcoqg^ vteotniMiuled to thoaa mgagad ia tue various alecuicaiiiulttStriM."— f/tr/fftM/ 



Blectrie Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 

Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John VV. Urquhart, Electrician, Author of "Electric Light,'' &c. 
With numerous Illustrations, crown 8vo, 55. cloth. [3^**^' f>ubliskt^. 

"This Tolunie deals with wh.Tt may be termed the mechanics of electric lij^'hting, and is 
ar'idrcssed to mm who are alreadv engaged iu the work or are training for it. The work traverses 
a ereat dt al of ground, aad may So tnui at a saquol to the sama author's naoftal woik oa * Etoctnc 
I-iylit.' "—EUctrieian. 

• This is an attempt to state in the simtrfott language the precautions which should be adopted 
in instal iag the idoctnc light^and to arve uifonnationior the guidance of those who have to run 
the plant when Installed. Tha book Is weU wonh the perusal of tho workmen for whom it ia 

W.itten."— /"//( /r/V-.i/ Rfinnv. 

* Ernin*nUy practical aiul useful. , . . Ought to be in the hands of everyone in charge Of 

an el^'Ctr.c !:ght plant.'- ■/'.Vc(i'r/ra/ /:NX'-';'^"'- 

" A rraily capital book, which we have no hesitation in recommending to the notice of working 
electricians and electrical W^p^Htm^-^MuhaHtwl tV«rtd, 

JBHeetrie lAghU 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 

Directions for the Treatment cf Dynimo-Electric Machines, Batteries. 
Accumulators, and Electric Lamps. By J. W. Urquhart, C,H., Author of 
*' Electric Light Fitting,*' &c. Fourth Edition. Revised, with Large Additions 
and 145 Illust ations. Crown 8vo, 7s. 6J. cloth. [Just published* 

•' The book is by far ihe l>est that we have yet met with on the subject," — AtHenaum. 

•'It is the only work at present avajl iMe which gives, in language intelliKible for the most part 
to the ordinary reailer. a general but concise history of the means which have Ihjcu adopted up to 
ttw present time in producing the electric light." — SlttrcpoUtoTi. 

''The book contains a general account uf the means adopted in producing the electric light; 
not only as obtained from voltaic or galvanic batteries, but tiMtS at length of tho dinUUBO-atoCtfiC 
machine in several of its forms." — Colliery Guardian, 

Coiistr action of Dynamos. 

DYNAMO CONSTRUCTION ; A Practical Handbook forthi Use 
of Engineer Constructors and Electricians in Charge. With BxamplM of 
leading English, American and Continental Dynamos and Motors. By J. W» 
Ursu HAUT, Author of " Electric Light," &c. Crown 8vo, js. fni. cloth. 

\Just published. 

" Thn a>:t!.or h^'^ produced a hook for which a demand has hmg axiStsiaL TMSUtdaCtia 
treated in a thorouj^hly practical manner. ' — Mechanical World, 

Dynamic Electricity and Magnetism. 

THE ELEMENTS OF DYNAM'iC ELECTRICITY AND 
MAGNETISM, By Philip Atkinson, A.M., PIlD. Crown 8vo. 400 pp. 
With ISO lUustratiODS. zot. 6<{. cloth. IJtat putlishtd. 

Text Book of Electricity* 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 

Henry M. Noad, Ph.D., F.R.S., P CS. New Edition, carefully Revised. 
With an Introduction antl Additional Chapters, by W. H. Preeck, M.LC.E., 
Vice-President of the Society of Telegraph Bngineers, Ac With 470 IllnsCiA* 
tJODS. Crown 8vo, 12s. 6d. cloth. 

V>^e can recommend Dr. Noad s book for dear style, great ransre of subject, a good Index 
and a plethora of woodcuts. Such collections as the present are indispensable. — At^encrum, 

"An admirabie le*l book for every student — begu^ner or advanced — of felecuicity."— 
SMlineerinf'. 
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Electric Ldghting. 

THE ELEMENTARY PRINCIPLES OP ELECTRIC LIGHT* 

IKG. By Alam a. Campbell Swintom, Associate I.E.E. Second Edition^ 
Enlarged and Revised. With i6 I i lustrations. Crown 8vo, is.6d. cloth. 
"Anyone who desires a short uul thi)ro«u(hly clear exporitioo of ths ctementary principiw oi 

Electricity. 

A MANUAL OF ELECTRICITY : Including Galvanism, Mag- 
netism, Dia-Magnetum, Electro- Dynamics, H ognihEUctrtcUj/, and tht EUctric 
TeUeraph. By Hbmkt M. Noad, Pfa.D^ PJtSn F.CS. Foordi Edition, 

With 500 Woodcuts. 8vo, fx 45. cloth. 

"It U woithy of a place in the i:Srary of cvacy public instttution."— i/min^ ycumal, 

L>ynamo Construction* 

HOW TO MAKE A DYNAMO : A Praetkal Tnatiufar Amateurs. 

ContaioiDg numerous Illustrations and Detailed Instructions for Construct- 
in? a Small Dynamo, to Produce the Electric Light. By Alfuso Ceopts. 
Tbii d Ld;tion, Revised and Enlarged. Crown 8vo, 2s. cloth. 
"The L-utructi JUS giren in this unpretrntioL:-, j b >ok are sutncicntly clear and explicit to 

enable any amateur mechanic po&sessed of averace skill and the uaual tools to be fouad in aa 

enwlmi^S W0KkdiOp« to buOd a pncdcal dynamo machine.**— fitaMMsw. 

NAT URAL SCIENCB y etc. 

J*n eunidfi rs an d A ro tisti cs, 

PNLL'M .l TICS : including Ac oustics and the Phenomena 0/ Wind 
Currents, for the Use of Beginners. By Charles TomliMSOII, F.R.St 
F.C.S., 8cC. Fourth Edition, Enlarged i2mo, is. 6./. cloth, 
" Beginners in the study of this important application ol science could not bare a better manuaL" 

'-u.j:. 'nan. " A valuable and suitable toat^book fOr mrtwnW Of ACOUtiGS and tfao PlMOO- 

iuetia of Wind Currents,"— tScA^^/mojIlfr. 

Conchology, 

A MANUAL OF THE MOLLUSC A : Being a Tnafise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G,S., late Assistant 

Pcilrpontologist in the British Museum. With an Appendix on Recent and 
Fossii Conchological Discoveries, by Ralph Tate, A.L.S., F.G.S. Illustrated 
by A. N. Watekhousi and Joseph Wilson Lowry. With 23 Plates and 

upwards of :;oo Woodcuts, Reprint of Fourth Ed., iSSo. Cr, 8vo, 7s, 6d. cl, 
** A must v<iluabU: scoreliuuse of concholu^ical and geolo|{ical infonuatioo."- .Sct^mv Gass^f, 

Geology* 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 

AND HISTORICAL. Consisting of "Physical Geology which sets forth 
the leading Principles of the Science; and "Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S.. &c. With 250 Illustrations, xsmo, 5s. cloth. 
**Tlie ftilness of the matter has elevaled tbo book liuo a maiwal. Its infonnatioa v «xhaimive 
and well ixnLngcd,"-^cJiool Board Chrmick, 

Qeology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord, By George W, 
Victor le Vaux. Numerous Illustrations, reap. 8vo, 5s. doth. 
" A Taioable conlribtttton to the evidencei oi RevelatioiL and disposes vwy eonclnsfardy of the 
arguments of tiMSS who would set God^ Woiks scalost God^ Wotd,^— Zikf Xcdk, 

The ConsteUatians* 

STAR GROUPS: A Student's Guide to the ConsteUaUons, By 
T. Ellard GoitH, F.R.A.S., M.R.I. A,, &c,, Author of "The Scenery of tba 
Heavens." With 30 Maps. Small 4to, 55. cloth, silvered. Qwt pubiithed, 

AstiOiioniy, 

ASTRONOMY, By the late Rev. Robert Main. M.A., F.R,S., 
formerly Radcliffe Observer at Oxi rd. Third Edition, Revised and Cor- 
rected to the present time, by W. 1\ Lrsv,, P A., I'.H.A.S. r^mo. 'zs. cloth. 

**A sound and Stmple tica'.ise, vciy circiuL'y cuUlJ, h: .! j, book fur beginners, 

A»;<7w/«/r^ UiffNaJ TtmeJ. 

. Accurately brou^ut down to the requirements of tiie present time by Mr. Lynn."- £4^e. 
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DR. URDNEH' S COURSE OF NATURAL mtOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost ra- 
written by Bbmjaiiin Lobwt, F.IUA.S. With 378 lUnstrationa. Post 8vO| 

6s. cloth. 

"The perspicuity ol the orit^iuaJ has been rciained. and chapters which had become obsolete 
have bciii replaced by othcrb of mere iiiodcni ctiaracter. The explanations tlirou^Iiout are 
studi«u<>Iy popular, and tar« ha^ Lcn taken to ih<jw the application of the various bra:n he* of 
physics to tnc indiistriaJ arts, and to the practi. al LL^hi^t ^,. of u c. " —Mining yourtial. 

"Mr. l^ocwy has carefuUy revi«eci tiM book, and brou«;ht it up to modern requiretueuts."-* 
Nmturt. 

"Natural philosopby has Iwd Um wg HwnI s auMre able or better skilled in the art of popn* 
larisin|r the subject than Dr. Lardner ; and Mr. Loewy is doing; ^o<A. service la fittinffthfa treatueii 
and the others of the series, for use at the present \.\\r\.v^,'' —Scotsman, 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Bdition, Revised and Enlarged, by Bsmjahim Lokwy, F.K.A.S. With 
936 lUvstntions. Post 8vo, 5s. cloth. 

"For those *who desire to atuui an accurate knowledge of physical science withont t! '- pro* 
found methods of mathematical iuve6ti|^ation,' this work is not merely iiitended, but vreil adapted." 
^^ktmical News, 

" The TOhune before iis has been carefully edited, augmented to nearly twloe the bulk of the 
fotBMr«ditiea,aBdaatiM neat TOoent natter has beeaadEled. . . . It tt a valuable text-book.** 

"Candidates for pass examinations will find it, we think, specially suited to their reguirementl." 
Englisk Mechanic, 

THE HANDBOOK OF HEAT. Edited and almost entirely re- 
writ t' a by BsMjAUiM LoswYi F.R.A.S., &c. izy lUustrations. Post 8vo, 6s. 

cioiii. 

" The style is always clear and precise^ and COAV^ps lastiUCtkMl irithoul ImvIiVMV cloudlnest 
or lurkinc doubts \)^bia»d,"'--E»tgitUtrine, 

"A meat exhaustive book on the stibject on which iftreats; and fs so ananeed that It can be 

understood by all who desire to attain an accurate knowlcd^^c of physicnl science Mr, 

Loewy has included ail the latest discoveries in the varied laws and ellects of heat."— J^a/x^art^. 
" A cooapleit and bandy textbook liMr tiie viie of atudeatt and fenenl E«aden."-aiitfArik 

Mechanic. 

THE HANDBOOK OF OPTICS, By Dionysius Lardner,D.C.L.. 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B. A. Lond., 
of University College, LoadoQ. With 298 Illustrations, Small 8vo^ 448 

pages, 5s, cloUi. 

"Written by one of the ablest Bnnjlsh ictentite writers, beantifUnyand ehbotately illustrated.'* 

Mechanit^s Ma^atine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
AC0U6TlCii. By Dr. Lardner. Ninth Thousand. Edit, by Gsorgs Carsy 
FosTBR, BA., F.C.S. With 400 Illustrations. Small 6vo, 5s. cloth. 

"The book could not have been entrusted to .inyone better calcsdated to preserve tlic terse and 
ludd style of Lardner, while correcting his errors and bringing up lus work to the pre&ent state of 
sciintinc kaM«ledge.''-^fy^a«Asr Sdmet JUidew, 



THE HA NDBOOK OF A STRONOM Y. Forming a Companion 
to the " Handbook of Natural Philosophy.'* By Dionysius I^rdn£R, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards 01 
100 Woodcuts. In One Vol., small 8vo, 550 pages, 95. 6d. cloth. 

"Probably no otlier book contains the same amount of infurniAtion in so iionipcndious and well* 
arranged a form — certauiJy none at the price at which this is otfered to the ^\xh\ic"—Ath£tueum. 

" We can do no other than pronounce this work a most valuable manual of astronomy, and we 
stroQgiy recommend it to all who wish to acquire a general — butat the same timaoossect— acquaia(> 
aace with this sublime scienoe."--{7«Mr««r^ yourtuU ^ Settttt*. 

"One of the most dMervedty popular books on the subject . . . Wo would recommend not 
only the student cf A* deoimatary principiea of tlie science, but he who aims at mastering the 
Mghcr and mathematical branches of astronomy, not to be without tUs work bniido him."— '^Vwctf* 

cal Ma^atim. 

JDr. Lardnev^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH, By Dr. Lardner. Re- 
vised and Re- written by B. B, Bright, F.R.A.S. 140 Illustrations. SmaU 

8vo, IS. 6d. cloth. 

**Oue of llic moit readable books extant on the iii!j;;tric Tclcst<i.yh,"—Iin£-Iish Mechanic 
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DR. LARDHER'S MUSEUM OF SCIEHOE AMD ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lakdnkk, D.C.L., formerly Professor ol Natural Philosophy and 
AstroDomv in University College, London. With upwards of 1,200 Enerav- 
ings on Wood. In 6 DouVle Vnlinnr c;, /i 15., in a new and diCgUltCdoUlOiad* 
iagi or handsomely- bouud la haii-morocco, 31s. 6d, 

Opinions of the Press. 

" This series. bwidM «ffordin£ popular but sound instnactioo on Kl«ntlfic subjects, with whick 
tike huinl>Uet man iatiM country ought to be acquainted, aho aadertakes that teaching of ' Com- 
BoaTUM'«hid»«fW]rirai^iriidberofhUkia4U Many thoiiMnd copi— of 

this Mrriceable pubHcatkm hare been printed, ia the bdief and hope that tbe timdtu for instruction 
and improvement widely pi«fail»i and wahavaaotas that audi aa H flmaadgrifliwyi— atwltil 
disappointment."— rwNCf. 

" A cheap and Interesting pubBcaHoo. afike informing and attractive. The pa pen rnmtiina 
anbjecu of uaportance and great scientific kaamlmdg% cniwMwahIa indaciiva powand md • 
popular style of treatment."— ^«a^. 

"The ' Museum of Sdanca and Aft* It the ami vafaaUa coBtilbsdon fliat baa «var beas 
■ada to the Sdwitiiie lattncdoA U araiy cla» of aodiaiar*''-^ David Buwstbk. ha tte 
NtHh Briitth Rtpitm, 

" Whether we coosldar tha IbaraBty and baaaljr oTdie illustrations, the chara of Oa wtftinc; 
ar tha doiabJalaianatof the matter, we must express our belief that there is hardly to be fouad 
anjMgdjaflNNrte would be welcomed by people of so aaaoy ages ana clirsea as a 

%* StpartUt books formed from the abovet suUabU for Workmen's LibrarUs, 

Seience Ckuui, tic 

Common Thinffa Explain^d^ ConteiniBg Air, Earth, Fire, Water, lliiiab 
Man, the Eye, Locomotwa, Cdoar, Oooks Bud Watdies, Ac $33 lUaa- 

tralions, cloth gilt, 5s. 

Thm MicroBcope, Contahiing Optical Imaget, Maenifying Glasses, Origia 
and Description of the MierosGope, Microscopic oBjects, the Micro- 
scope, Microecqpic Drawing and SngraTing, fta 147 Uliiitratioiia, dotb 

glit, 25. 

Popular Qeolcgy* Containing Earthquakes and Volcanoes, the Crust ol 
the Earth, Ac aoi liloatrationa, cloth gilt, zs, 6d» 

]PopiUar PhyHeB, ContidnlnR Ma^nitade and Minuteness, the Atmo- 
sphere, Meteoric Stents, Popular Fallacies, Weather Prognostic^,, the 
1 herrnoineter, the Barometer, Sound, &.C. 85 Illustrations, cloth gih, 2S. 6d. 

Mteam and its Uses, Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt,2i. 

Poptdar Astronomy, Containing How to observe the Heavens — The 
Earth, Sun, Moon, Planets, Light, Cometai EcUpees, Astronomical Influ- 
ences, &c. 182 Illustrations, 4s. td. 

The Bee nnd WTiite Ants : Their Manners and Habits. With Illustra- 
tions of Aiiimal Instinct aud Intelligence. 135 Illustrations, cloth gilt, 2J. 

tthe Electric Telegraph Popularized, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
fornis of Telegraphy in Actual Operation, xoo Ulustrations* doth gill. 



2>r. Lardner^s School Handbooks, 

NATURAL PHILOSOPHY FOR SCHOOLS, By Dr. Lardnbju 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

" A rery convenient class>book for junior students In private schools. It is intended to COBV^ 
in dear and precise terms, geaeral notioas of all tba pnocapal divisioas of Physical Sdmoik*— 
BHHsh Qumrttrfy Jttview, 

ANIMAL PHYSIOLOGY FOR SCHOOLS, By Dr. Lardnbf. 
With X90 Illustrations. Second Edition, One Vol., 3s. €d, doth. 
•* dearly wrlttea, well arranged, and excalently ahistratad."— Gcrrfftur'^ CftrmMk, 
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COU3^TING- HOUSE WQRK| TABLES, etc. 
Introduction to Business* 

LESSONS IN COMMERCE, By Professor R. Gambaro, of 
the Royal High Commercial School at Genoa. Edited and Revised by James 
Gault, Professor of Commerce and Commercial Law iu King s College, 
London. Crown 8to, price about 3$. 6d, [111 the press. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 

Il.iridbook for Accountants and Maauf.ict;:rcr5, with Appendices on the No- 
menclature of Mau:bine Details ; tlie Income Tax Acts ; the Rating oi Fac* 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including alsoa Glossary of Terms and a larfe i;uniber of Specimen Rulings, 
Emils Garcke and J. M. Fsus. Third iid^tiou. Demy bvo, 250 pages, 
price 6s. strongly bound. 

*' A very interestinff description ortherequirerr.or *- ^I'F . ^ory Accounts. . . . t' f princip.o 
of assiriiUating the Factory Accounts to the general ^u:iiiin-iui.ii books b one which wc thuroughly 
m^ee with."— .-/tn»;<;i.'.r«/i-' JoxiynaU 

'* There are few owners of Factories who would not derive great benefit frou the perusal 
of this most mdmirablo woxkJ'—LotmJ Gtvimmtni CkrvnicU. 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT : Being 
Aids to Commercial Correspondence in Five Lanj^ua^cs — English, French, 
Germani Italian and Spanish. By Comrao E. Baker. Second Edition, 
Revised, Crown 8tO| as. 6d. cloth. 

' * Whoever wishes to comnKmd in aU the lafqn>sees mentioned by Mr. Baker cannot do better 
than study this work, the materials ofwblcli are excellent and conTenlen^ arranged."— ^M«««wm. 

"A carcfnl ej..iuii.ta i .-i h ;; cnnvin-pd u=; tint it s unusually complete, well arranged and 

leSable. The book is a tiioro^jj ily i;ojd oue." — ^L/:ot;iu:usur, 

Xntui live Calc u J a tio ns» 

THE COMPENDIOUS CALCULATOR; or. Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transaction'^, to'^ether with Useful Tables. By 
D. O'GoRMAN. Corrected by Professor j. R. Young. Twenty-seventh Ed.p 
Revised by C. Norkxs. Fcap. 8vO| 2$, 6d. cloth ; or, 3s. 6d^ iialNbound. 
" It would be dUBctik to exasrsrerate the usefiilnen of a book like this to everyone engaged In 

commerce or manufhctiiring^ Industry."— jiTiMwiSft^. 

" Stip]'^,!es -; >ecial and rapid methods for all kir.d"; of calculatlonib Of great Utility tO perwws 

9Cig3L^cd m any kiad of couimercial transactions." — Scotsman, 

JHodern Metrical Units and Systems* 

MODERN METROLOGY : A Manual of the Metrical Umis 
and Systems of the Present Century. With an Appendix containirfg a proposed 
English System. By Lewis D'A. Jackson, A.M.Inst.C.E., Author of ** Aid 
to Survey Practice," &c. Large crown 8vo, 125. 6fi. cloth. 
"The author has brou^rht together much valuable and interastiag infonnatkm. • . , We 

cannot but recommend the work." — Nmture. 

" For exhaustive ubles of equivalent weights and measures Of ill WWtS. and fiur clear demonstia- 

tioMOiftlieeftcta of the various system taat have been propoaed or adopted, Mr. Jackson's 

tmstfse is withottt a ^MW—^tmdem^r, 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the BriUsh Stand- 

ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, 10$. 6d. strongly bound. 

"Their accuracy has been certified by Professor Airy, the Astronomer-RoyaL" — Builder. 

"Mr. DewUnf's Tables are weB put together as a ready>reckoner liar ton oonvessioa of om 
systea inle the oaier."-vf Mmmmm. 

Iron and Metal Trades^ Calculator^ 

THE IRON AND METAL TRADES' COMPANION. For 

expeditiously ascertaining the Value ot any Goods bought or sold by Weight, 
irom IS. per cwt. to 112s. per cwt., and from one farthing per pouud to one 
ehilling per pound. Each Table extends from one pound to 100 tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
Oik Superficies and Solids, &c. ; also Tables of Weights of Materials,and other 
UseAil Memoranda. ByTHOS. Downik. Strongly bound in leather, 396 pp., os. 

••A most useftil set of Ubles. . . . Nothinsr like them before mMM9d.''—Buiidinr Aews. 

** Alltiough spedaQy adapted to the Iron and metal trader tiM tables will be found usefal fei 
«vety other buiin e w in which m s rch an din e is bought and acid by wie^t.'*— JbiMn^ Iftme, 
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Calculator /or Kumbers and Weights Combined. 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU- 
LA TOR, Containing upwards of 250,000 Separate Calculations, showiaf at 

a plance the value at 4^:! difterent rates, ranging from pl^th of a Penny to 
205. each, or per cwt., and £20 per ton, of any number of articles consecu- 
tively, from I to 470.— Any number of cwts., qrs., and Ibs^ from z cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from i to 1,000 tons. By 
William Chadwick, Public Accountant. Third Edition, Kevised and Im- 
proved. 8vo, price x8s., stxonglj bound for Office weer and tier. 

*^* This work is speMly adapud for the Apporti&immi UUtmee Chargn 

for Rail-u ay Traffic. 

1^" This comprehensive and entirely unique a$id original CalcuUUor is ainpted 
for the use of Accountants and Auditors, Railway Compamies, Cmiml Cowfeiitkf, 
Shippers, Shipping Agents, Genera! Carriers, etc. 

ironjfuunders, Brassjounder^,, Meiai Merchants, Iron Manufacturers J renm^MtgefS^ 
Engineers, Machinists, Boiler IdMkers, MiUwrighiM, Roo/mg, Bridge mitd Gwrdtf 
Makers, Colliery Prvprietrrr., etr. 

Timber Merchants, BuiiderSt Contractors^ Architects, Surveyors^ Auctioneers 
Valuers, Brokers, M ill Owners and Manufaetwen, Mill FuntUhers, Merchattis emd 
General Wholesale Tradesmen. 

%* Opinions op the Prxss. 
" The book contaliii ttie answers to questions, and not simply « tet of tnseidoat pttaads 
methods of arriving at results. It is as easy of reference for any answer or any ntunDer of answers 
as a dictionnn'. and the references are even more quickly made. For makings up accounts or estt- 

tnates, tlu; N^-^k must ]jto\p i;n ,\'.uaMc to all wh > have any coiisideraAdO qimoo^of OlcvlStiMtt 
involviog pnce and measure in any combination to do." — hnginttr. 

** The most pcnrfoct work of tbe kind yet prepwed."— Cte«vw Mermkk 

Comprehensive Weight Calculator, 

THE WEIGHT CALCULATOR. Being a Series of Tables 

upon a New and Comprehensive Plan, exhibiting at One Reference the eiact 
Value of any Weight Irom i lb. to 15 tons, at 300 Progressive Rates, from id. 
to i68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, con foisting of a single addition (mostly to be performed at 
sight), will aflord an aggregate of 10,266,000 Answers; the whole being calcu- 
lated and designed to ensure correctnrss end promote despatoh. By HsMKT 
Harben, Accountant. Fourth Edition, carefully Corrected. Koynl 9to, 
strongly halt-bound, £1 5s. 

"A practical and usofid work of fftfereiice lor men of business ffenenQy ; ftiiaebeiler 
kind we have seen.' —Irntmmuier* 

** Of priceless rahie to buwiess men. It is a necMniy book In eO — icaninle cflfiMi*— iSic^ 

/t€ld Inaet'endent. 

Comprehensive jDisconnf Guide. 

THE DISCOUNT GUIDE. Comprising several Series of 
Tables for the use of MerchaiHs, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancinf^ a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from to 
QO per cent., Tables of Discount from ij to 98I per cent., and Tables of Com> 
mission, &c., from i to 10 per cent. By Hbitry Harben, Accountant, Avtiior 
of " The Weight Calculator." Nr w Edition, carefiiUy Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £i 55. 

**A book sodi ■sti^ean oiily be aopieciated by bt rf ae g nen. lo wbem the savb^or tfmt 

ircrir.'; hiq^ of money. We have the nig^h authority of Professor J. R. Young that the tahles 
througli .tit t!:e work are constructcfl upon strictly accurate principles. The woxk is a mode 
of type<^rapi<.icAi ck-Hnl<^ss, and n-u^t prove of |^«at vahio to mevduoitib ManiifMlwin nd 

general tiAdcrs."—firtttsh Trade jfaumal. 

Iron Shipbuilders^ and Merchants^ Weight Tables. 
JRON^PLATE WEIGHT TABLES : For Iron Shipbutldirs, 

Engineers and Iron Merchants, Containing the Calculated Weights of up- 

wards of 150,000 different sizes of Iron Plate?, from i foot by 6 in. by \ in. to 
10 feet by 5 feet by 1 in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of i mch in thickness. CaretuUy o n piled and thoroughly Re- 
vistd by H. Buri.tnson and VV. II. Simpson. Oblonf; 410, 25s. half-bound. 
"This w .rk will be found of great utilitv. The authors have had much practical experience 
of wh.it IS va:>tiiur in m.ikin^ estinintcr:; nnd the use of the book wUi savo muck timetemaUpc 

elaborate' catculat ious."— ^/i^^w/t .Ma/tatiu, 
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INDUSTRI AL AND USBF UL ARTS. 
THE ART OP SOAP-MAKING : A PracHeta Handbook of ih$ 

Mannfaciure of HarJ and Soft Soaps, Toilet Soaps, etc. Includins; n:any Nc-.y 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Albxandbr Watt, Author of ** Electro- Metallurgv Practically Treatea," 
&c. With numerous lUustratioiis. Fonrth Bditiofi, Revised ana Bnlarged. 

Crown 8vo, ys. 6d. cloth. 

•*The work will prove very useful, not merely to the technological student, but o h- practical 
g0l^>>boiler who wishes to understand the theory of his art." — Cheynical Neivi. 

*'Mr. Watt's book is a tlioroughly practic«il treatue on an art which has almost no literature in 
mir lan^xiasre. We congratulate ne aiwior on the fiacoen of Us eoideaTOitf to fill a void itt EogOah 
technical literature. "~A W«r<, 

J^aper Making, 

THE ART OF PAPER MAKING: A Practical Handhoch of the 
Manufacture of Paper from Rags, Esparto, Straw and other Fibrous Materials^ 
Including the Manufacture of Pulp from Wood Fibi with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for RecoverinR Soda from Waste Liquors. By Alexander Watt. 
With Illustrations. Crown 8vo, ys. 6d. cloth. 

" This book is succinct, lucid, thorougtily practical, and includes overjrthins of interest to the 
modem paper maker. It is the latest, most practical and most comp l e te w or k on tbe paper- making^ 
art before the British public."— />4^r ReetrdL 

*' It may be regarded as ^e standard work on Uie subject The book is Aill of valuable in- 
formation. The • Art of Paper-makinff,* is in every respect a model c r a text-book, eltlMr for a 
technical class or for the private iindanX." - r,j*er and Prtntin^ Tradis y. urua!. 

" Admirably adaj. ted for jjeneral as well as ordinary technical reference, and as * handbook 
for students in technical education may be warmly commended." — The Paptr Maktr^s Monthly 
yournal. 

Lieather Mawufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbooki in which the Operations of Tanning, Currying, and 
Leather Dressbig are AiUy Described, the Priociples of Tanning Explained 

and many Recent Proces.ses introduced. By Alexander Watt, Author of 
*' Soap- Making," &c. With numerous Illustrations. Second Edition. Crown 
8vo, 9$. cloth. 

••A snund, comprehensive treatise on tannin:^' and Its accessorfes. This book is an emInen^!y 
valuable production, which redounds to the credit of both author and publishers." — CJumical 

"This volume is technical without beinj^f tedious, comprehensive and complete without being 
prosy, and it bears on every pag^e the inifrcss of a master hamd. We have never come across a 
botter trade trmdso, nor cam that so thorougtUy supplied an absoluto wauL"— >£A«( mml Ltmtk^ 

JBoot und Shoe X€iMng» 

THE ART OF BOOT AND SHOE-MAKING, A Practical 

Handbook, including Measurement, Last Fitting, Cutting-Out, Closing and 

Making, with a Description of the most approved Machinery employed. 

By John B. Lbmo, late Editor of St. Crispin, and Th$ Boot and Sho^Makef. 

With numerous Illustrations Third Edition, ismo, as. cloth limp. 
•'This excellent treatise is by far the best work ever written on the subject. A new work, 
eosbracing all inodern :nnf)rov- riieiits, was much wanto 1. This want is now satisfied. The chapter 
on dickins, which shows now waste may be prevented, will save fifty times the price of the book." 
-'SevtHth Lemiktr TrtuUr, 

MECHANICAL DENTISTRY : A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use« 
fill Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c &c. 
Bv Charlks Hunter. Third Edition, Revised. Witb upwards of tOO 
Wood Engravings. Crpwn 8vo, 3s. 6d. cloth* 
"The woric is Twy practlcaL**— AfwiMo' Review ef DenUtl Surgtry. 

•*Wc can strongly rernmmend Mr. Hunter's treatise to all students preparing for the proleSlUNI 
of dentistry, as well as to every mechanical dentist."— Z)m^/»>» youmal^ Medical ScUnet, 

Wood Engraving. 

WOOD ENGRAVING: A Praeiical and Easy Introduction to the 

Study of the Art. By William Norman Brown. Second Edition. With 
numerous Illustrations. i2mo, is. 6d. cloth limp. 

"Tke book is clear and complete, and will be useful to anyone urant&iff onderstand tbe first 
demoMs of the beautiful art of wood 9agnmng.'-mGratA{e. 
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HANDYBOOKS FOR HANDWRAFTS. Bj PnUL N, HASLUOK. 

Metal Turning, 

THE MET A L TURNER*S HAND YBOOK. A Practical Manual 
far Worktrs at fhs Fcot'Laiht: Bmbracinie Informaticm on the Tools, 
Appliancrs rmd Processes employed in Metal Turning. E|v Paul N. Has- 
LUCK, Author of " Latbe-Work«" With upwards of One Hundred lilustra* 
tions. Second Edition, Revised. Crown 8vo, as. cloth. 
Clear!)- and concisely wittteB, Mcdtent in Bwy wy."— Jftetowfai/ H^ptid, 

Wood Turning. 

THE ]VOOD TURNER'S HANDYBOOK. A Practical Manual 
/or Workers at the Lathe: Embracing Information on the Tools, Appliances 
and Processes Bmploved in Wood Turning. By Paul N. Hasluck. With 

upwards of One Hundred Illustrations. Crown 8vo, 2J. cloth. 
" We recoounenU tb« book to youns turners and amateurs. A multitude of workmen have 



bltharto MMglit ia laia toe a of this special iDdva)txy."'—M€i.hanicai IVtrUL 

WOOD AND METAL TURNLWG. By P. N. Haslu 

(Bcint: the Two prcccdin<:; Vols, bound together.) 30O pp., with upwards of 

200 lilasti ations, crown ovo, 3s. 6U. cloth. 

Wa tch Jiepa i rin g. 

THE yVA lCH JOBBER'S HANDYBOOK. A Practical Manual 
em CUaningt Repairing and A d justing, Embrac i n g I n for mat ion on the Tools, 
Materials, Appfianc s and Processes Employed in Watchwork. By Paul N. 
HaslUCK. VVith upwards of One Hundred Illustrations. Cr. Svo. 2S. cloth. 
** An youar persoos eonnttcted with the trade should aatoira and study this eacelleat, and at 

the same time, inexpensive work." "C i e rJUntueU Ckrenidet 

Clock Hepairing. 

THE CLOCK JOBBER'S HANDYBOOK : A Practical Manual 
on Cleaning, Repairing and Adjusting. Embracing Information oji the Toois, 
Materials, Appliances and Processes Employed in Clockwork. By Paul N. 
H asluck. With upwards of 100 Illustrations. Cr. Svo, as. cloth. 
Of inestimable service to those commencinj: th« teadt,"^CoTf*tttry S/andard, 

WATCH AND CLOCK JOBBING. By P. N. Hasldck. 

(Being iho Two preceding Vols, bouml together.) $90 pp., with Upwards of 
200 Illustrations, crown Svo, 5s. 64. cloth. 

^Pattern Mah ing, 

THE PATTERN MAKER'S HANDYBOOK, A Practical 
Manual, embracing Information on the Tools. Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul N. Haslucx. 
vVith One Hundred Illustrations. Crown Svo, 2s, cloth. 
"Tbii handy volume contains Mund mioriuatioa of considerabla TSlue to students 
\,'*<^^ a»w mmn Trmdee ymmoL 



Jfechanie€U ManipuUMon. 

THE MECHANICS WORKSHOP HANDYBOOK. A Practical 

hfanual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with useful Notes and Miscellaneous Memoranda. 
By Paul N. Hasluck. Crown Svo, ts. cloth. 

" It Is a book which should be found in every workshop, as It is one which will be GOOtiBnaUy 
referred tu for a very great amount of standard informatioo." — Saturday Review, 

Model Engineering. 

THE MODEL ENGINEER'S HANDYBOOK: A Practical 
Mamtat on Model Steam Engines, Embracing Information on the Tools, 

Materials and Processes Employed in their Construction. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Crown Svo, 2s. cloth. 

" By carefully groingf Unroogh the work, amateurs may pick up aa eKCdleat BOtica Of the COa* 
MBUCtion of full-sized steam enginas."— J«%iri^^iA«c y«MrM«A 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK : A Practical 
Manual, embraeing Information on the Tools, Materials, Appliances aad 
Processes employed an Cabinet Work. By Paul N. Hasluck, Author of 
|,'jLathe Work." Ac With upwards of roo Illustrations. Crown 8vo, «s. 

^* Thoroughly piMstlMltlinNigfaoat The aaiatwtrwwkar In wood w Blind ^iflSST^^^ 
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Electrolyfiis of Gold, Silver, Copper, etc* 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys* With descrip- 
tiaiis of Voltaic lotteries, Magneto and Dynamo-Bleetnc Machines, Ther- 
mopilcs, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on £lectro> Metallurgy. By Alexander 
Watt. Third Bdition, Revised and Corrected. Crown 8vo, 9s. cloth. 

"Eminpntly .i In ok for the praticil worker In electro-deposition. It contains practical 
descriptions of mcttiods, |>rocesses and materials as actually pursued and used io the workshop." 

EHectro-Metallnrgy. 

ELECTRO-METALLURGY : Practically Treated. By Alexander 

Watt, Author of Electro-Deposition,*' &c. Ninth Edition, Enlari^cfl and 
Revised, with Additional Illustiations, and including the uiobt iccent 
Processes. i2mo, 4s. cloth boards. 

"From this book both amateur and arttsaa may leant everything necessary for the successful 
ptoaecntioa of elecboplatiiw.''— Avw. 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel. Gold, Aluminium, Brass, Platinum, &c. &c. 
'With rsscriptious ot the Chemicals, Materials, Batteries and Dynamo 
Machines nsM in the Art. By W. U rquhart, C.E. Second Bditian» with 

Additions. Numerous Illustrations. Crown 8vo, 5Si cloth* 
'* An excellent practical manual." — En^neering* 

" An ezceUent work, givinir tho aewesc iiiforiiiaitoii."--/fi»«v/«r^^ yammaL 

BSlectrotyping. 

ELECT ROT Y PING : The Reproduction and Multiplication of Print- 
tng Surfaces and Works oj Art by the EUctro-depOiUion oj MetaU» By J, W. 
Urquhart, C.B. Crown 8vo, 5s. cloth. 



The book is thoroughly practical. The feeder is, therefore, conducted throtu^h the ^cru^ 
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laws of electricity, then through the metals used by electrotypers, the apparatus, anatbe depositing 
processes, up to the final pwpftion of the wotk,'*'-Art 



Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius SAUNiSR.by Iulien Trip> 
PLiNi F.R.A.S.( and Bdwaro Rigg, M.A., Assay er in the Royal Mint With 
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £2 v. 
cloth ; £2 I OS. half-calf. • 

** There is no horolocrical trade in the Engliih language at aO to be compared to this produc- 
<iaB of M. Sauaiet's for dearoesa and complenneg. It is aMke good as a guide for the stnnwit aani 
as a reference for the experienced horologist and skilled workman. '*'~Horclogical youmoL 

" The latest, the most complete, and the most reliable of those literary productions to vfelcli 
continental watchmakers are indebted for the mechanical superiority over their English brethren 
-in tact, the Book of Books, is M. Saasicr's *Txmatio."*^ff ^0lc i ^m m * «r, yemelieremlSi lPt t tmU k. 

Wa tchmaking. 

THE WATCHMAKER'S HANDBOOK. A Workshop Com- 
panioQ for those engaged in Watchmaking and the Allied Mechanical Arts. 
From the French of Claudius Saunibiu Enlarged by Julibn Tripplih, 
F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. Woodcots 
and Copper Plates. Third Edition, Revised. Crown 8vo, 9s. cloth. 

** Each part b truly a treatise In itself. The arrangement is good and the language is dear and 
uenclin It u an admirable guide for the young watchinaker«'*~^«yifrt<gn>i^. 

** It b impossible to speak too highly of its excellenee. It ftaUIS every requirement in a tiand> 

book intended for the use of a worKman."— W^a/cA and Clorkmaktr. 

" This book contains an immense number of practical details bearing on the daily occupation 
of a watchmaker."- lf'atchfnaJk<r and itfcAlAlvrAcr (Chicago). 

Qoldsmiths^ jyork. 

THE GOLDSMTTH'S HANDBOOK, By George E. Gkb, 

Jeweller, &c. Third Edition, considerably Enlarged. lamo, 3s. 6d, d. bds. 
good, soi-nd educator, and will be aooepled as aa authomy.'*— iftt^^lyiCT/ yturmmL 

Silversmiths^ Work. 

THE SILVERSMITH'S HANDBOOK. By George E. Gee. 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations. xaino» 
35. 6<2. cloth boards. 

Workers in the tntd* will Speedier Ascover Us auills iriiea fSmf sftdoim to stail^ It'*— 

EmgUsh Mechanic. , ^ . , 

ThB abopi two marki togtthtr, iiroiigly hat/obamtd, ^rie9 7s. 
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Jiread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT, Including a large varieiy of Modern Recipes. 
With Remarks on the Art of Bread-makiDf?. By Robert Wblls, Practical 

Baker. Second K.lition, with Additional Recipes. Crown 8vo. 2s. cloth. 
A large number of wrijikUw for the ordinary cook, a& well as the baker.' —^«r*^ Hcuicw, 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels, Restaurants and tlie Trade in general, adapted also for Family 
Use. By Robert Wklls, Author of "The Bread and Biscuit Baker's and 
Sugar Boiler's Assistant." Crown 8vo, 2<;. cloth. 
" We canuot speak too hwhly of tlm really excelleut work, la these days of keeii competition 
o«r leaden caimoc do bettvman purchase this book."— iteivrx' Titrus, 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 

Confectioners and Pastrycooks; including a variety of Modern Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wblls. Crown 8vo» 5s. cloth. 

**A valuable work, ami ^hdull 1-e in the hands of every baker and confectioner. The ill us* 
rative designs are alone worili treble the amount charj^ed tor the whole work."— i»aA<rj' finus. 

Flour Confectionery. 

THE MODERN FLOUR CONFECTIONER, Wholesale and 
Retail. Containing a large Collection of Recipes for Cheap Cakes, Bisenits, 

6dc. With Reniai ks 011 the Ingredients used in their Manufacture, &c. By 
R. Wells, Author of ''Ornamental Confectionery," "The Bread and Biscuit 
Baker," " The Pastrycook's Guide,'' 6tc. Crown Bvo, 2S. doth. 

lAiundry Work. 

LA UN DRY MAN A CEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounttof Modern Machinery 
and Appliances for Laundry Work. By the Editor of "The Laundry 
Journal." With numerous Illustrations. Crown bvo, 25. 6</. cloth. 



CHEMICAL MA NUFACTURES & COMMERCE. 
Jiew Manual of Engineering Chein istry, 

ENGINEERING CHEMISTRY: A Practical Treatise for the 

Use of Analytical Chemists, Engineers, Iron Masters, Iron Founders, 
Students, and others. Cotnprising Methods of Analysis and Valuation of the 
Principu Materials used in Engineering Work, with numerous Analyses, 
Examples, and Suggestions. By H. Joshua Phillips, F.I.C., F.C.S. 
Analytical uiid Consulting Chemist to the Great Eastern Railway. Crown 6vo 
320 pp., with Illustrations, los. 6d. cloth. [Just published 

** in tBW work the author has rendered no snuU service to a auinweas body of practical mma 
... The analytical methods may be prooouaced niost fatisfactoty* bctar ** accuiate as the 
despatch required of angineeting chcuubtb penniti."— >CA«mua/ AVwr. 

Analysis and Valuation of Fuels, 

FUELS: SOLID, LIQUID AND GASEOUS, Their Analysis 
and Valuation. For the U&e of Chemists and Engineers. By H. J. Phillips, 
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway. 

Crown 8vo, 3s. 6(1. cloth. 

Ought to have its place in the laboratory ol every nietaUuri,'ical ebtablibhuicut, and wherever 
fucJ is used on a large scale." — Cfumual Atnvs. 

"Cannot fail to be of wide intere:>t, especially at the prc&ent time." -Aai/uay News, 

JLUcali Trade f Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, inclndm- the 
Manufacture of Sulphuric Acid. Sulphate of Soda, and Bleaching Powder. 
By John Loiias. 390 pages. With 332 Illustrations and Working Drawings. 

Second Edition. Royal 8vo, £1 10s. cloth. 

"This book is written by a luaimfacturer for manufacturers. The working details of theoMMI 
approved fprn^ of apparatus are ^iven, and thaie ar« accompanied by no leal thaa S9S WOOd 
gravuigi, aU of which may b« uaad tot the purpoaaa of ooiistnictio«k."-^x*«mnMn. 
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The Blotvpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, Work- 
ing Example?, and Instructions for Making Apparatus. By Lieiit.*Col. W. A 

Ross, R.A. Willi 120 Illustrations. Nca- Edition. Crown 8vo, 55. cloth. 

"The studrnt w!io fro<^ through the course of exi)erimentation here laid down will gain a 
better Jnsijjht into inor^.-itiic chemtstry and mineralogy than tf he had 'ifot up' any of the beal 
text-books ot the d.i)-. and passed any number of examinations ^>i*i»- «-n«itnfii»^ ,* ^ rhfmifmt JM>— * 

Commercial Chemical Analysis, 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or. Practical Instructions tor the detennination oi the Intrinsic or 
Commercial Value of Snbstances used in Mann&ctares,Tl»des, and the Artt. 
By A. Normandy. New Edition by H. M. Noad, F.R.S. Or. 8vo, 12s. 6d. cl. 
" Essential to the analysts appointed under the new Act. The most recent tesults are given, 
and tlic work It ireD edllM and csrafbBr «iittea.*''-^iVSrtMr«, 

Hreiving. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
ErnvAKi>s Wright, B.A. New EditioUi much Enlarged. ilnthe presi, 

J>y€- If €ires and Colours, 

THE MANUAL OF COLOURS AND DYE^WARES : Their 
Properties, Applications, Valuation. Impurities, and Sophistications. For the 
use of Dy( rs, Printers, Drysalters, Brokers, &c. By J. W. Slater, Secono 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth. 
"A complete encyclopaedia of the ntaieria Hnctoria. The Information given respecting flS£h 
article it full and precise an d the methods of determining the valua of artadce such as tMMV so 
liable to sophtrt cation, arc given with clearness, and are practical as wdl as valaabla.'*— CAnMf# 

"There is no other work which covers precisely the same ground. To students preparing 
for exaninations in dyeing and printing it wilt pvore a a candlngi^ usefiiL''— tmitm I Miwn, 

JPigments, 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non-Permanency, and Adal 
terations; Effects in Combination with Bach Other and with Vehicles : and 
the most Reliable Tests of Purity. By H. C. STANDAaB. Second Bdition. 

Crown 8vo, 2s. Gd. cloth. 

"This work is indeed fnuItutn'in-;^rvo, and we can. with good conscience, recommend it to 
1.11 'A ho come in contact with pigments, whether is makers, dealers or users. " — Chemical Review, 

Qaiiging, Tables and Mules for Mevenue OMcers, 

Hr ewers, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 

Containin;; Talil( Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition 
Revised. Oblong i8mo, 4s. leather, with elastic l>and. 

" This handy and usclul book is adapted to the requirements Of the InUuid RoveniM Depart 
ment, and will be a favourite book of reterence." — CivUtan. 

**Sbonld be in the bands of every ptactlcal brewer."— ^ivwcrt' y9MmmL 
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Youatt and Burn\*i Complete Grazier* 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDERS ASSISTANT. Including the Breeding, Rearing, and Feeding 
of Stock ; Management of the Dairy, Culture and Management of Grass 
Lan l, and of Grain and Root Crops, &c. By W. Vouatt atul R. Scott 
Burn. An entirely New Edition, partlv Re-wntten and greatly Enlarged, by 
W. Frbam, B.Sc.Lond., LL.D. In mediam 8vo, about 1,000 pp. [/« the press. 

Agricultural JPacto and Figures. 

NOTE-BOOK OP AGRICULTURAL FACTS AND FIGURES 

FOR FARyfERS AND FARM STUDENTS. By Primrose McConnkll, 
late Professor of Agriculture, Glasgow Veterinary College. Third Edition 
Royal 32mo, 45. leather. 

"The most complete and comprcheiv^nc Note-book for Farmers and Farm Students that we 
have seen. It literally teems with mfonnation, and we can cordially recommend it to all connected 
with agricuKtarB.**— Ar#r<* SrtHtM AgHmUmrUe, 
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flour Manufacture^ Milling , etc, 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. By Friedrich Kick, Imperial Reglerungsrath, Professor of 
Mechanical Teclmology in the Imperial German Poiy technic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powles, A.M.I.C.E. Nearly 400 pp. Illustrated 
with 28 Folding Plates, and 167 Woodcuts, Royal 8vo, 255. cloth. 

*' This valuable work is, and will remain, the standard authority on the science of miUing^. . 
The niiUer who has read and digested this work will have laid the foundation, so to speak, < >r a sue* 
ccsstul career ; he will have acquired a nunit>er of general principles which he can proceed to 
apply. In this handsome volume we at lait have the accepted text-book of modem BuUllV^COOd* 
■id English , which has little, if any, tiace oC the German idiotn. "— The MiUtr. 
** The appeaiance of this celebrated iioik in EaglUli b very opportune, and Btldsh 

in availing tliooselfestfits |MCM.<-iirt^ 



wiQ, we are sure, not be slow 

Small Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessors rf my 
Farm. Being an luiroduction to Modern Farm Practice lor Smali F.uiuers 
in the Culture of Crops; The Feeding of Cattle; The Management of the 
Dairy, Poultry and Pigs, . Sec. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management." Numerous lilusts., cr. 8vo, 6s. cloth. 

"Thisis the eooaplitask book o( its class we have saw, aadooa iriiicliefoiyaaBatonr fiuner 
«S nad with plaaauia and acoqtt as a guide."— ^^im 

**The Ttdome contato a vast amount of tnefitl failbnnation. Ko bnmch of fimning- Is left 

untouched, from the labour to be done to the results achinvcd. It may be safely recommended to 
all who think they will be in paradise when they buy or rent a three-acre idniu"-—Giaj:£^(rw Herald. 

Mo€tem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Soils, Manures, and Crops—Farming and Farming Economy — Cattle, Sheep, 
and Horses — Management of Dairy, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 125. 

" The aim of the author has been to make his work at met eooq wehenshra and tnutworthy. 
and In this afan he has succeeded to a decree which entitles him to mudi csacttt."— JfafMCfy 

jidtfertiser. '•No farmer should lie \\ithnut this \)OBiL,**^SttMht9y GU0riUu$m 

Agricultural Engineer inq. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF, 
Comprising Draining and Embanking; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates ; I-ann Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; IBarn Implements and Machines; Field 
implements and Machines; Agricultural Surveying, Levelling, &c. By Prof. 
JonM Scott, Editor of the " Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, StG» &C* 
In One Vol., 1,150 pages, hah-bound, with over 600 Illustrations, 125. 

"Written with gnat care, as vrall as with knowledge and abiliQr. The author has dona Us 
wockwall; wa have fiwind him avay tntttwortbyguide wtaatawiia have tasted his ' 
Thm Tohune wfll be of ffteat vahia to accieuhusal studrats,"— JAini Lmru Exfrtts. 

"For a yolin? agriculturist «a kn^ handjvohmM Ukely toba 

— BcU's li 'eekiy Messenger. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Tezt-Boolc of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Ed., Revised, with Additions. i8mo, 2s. 6^. cl. 

"A most comprehensive volume, tfiving a mass of information." — Agricultural Economist. 
"It is a long time since we have seen a book wiUch has pleased us morcb or which curtains 
ancb « vast aaouaefiil ftnd of knowladg«."--iMM«l<MM/ 7¥M«r. 

Tables for Farmers, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 

for Farmers, Graziers, A p;riculturai Students, Surveyors, Land Agents Auc- 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidkey Francis. Second EdUioo, Revised. 27a pp., waist- 
coat-pocket size, 15. 6d, limp leather. 

"Weighing less than 1 or., and occupying no more space than a match box, ft contains a ma^s 
of lac^ and calculations which has iif\er tieforc, in such handy form, t)ccri utitaiiiaMc. . Every 
operation on the farm is dealt with. The work may be taicen as Uioroughly accurate, the whole oi 
tbo tables having been lavisad by Dr. Fraam. We cordialhr lecommend it."— A/Tx ff^teMy 

Messenger. ^ 

" A inarvellous little book. . . . The afisicoItBVkt tvbo POtiainB tdoiielf Of It iHD nok bO 
<liMppomt©d with his investment."- r>k# FarmT^^ w « ww wit oe 
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^urm and Estate Book keeping* 

BOOK-KEEPING FOR FARMERS &^ ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted tor all 
Classes of Farms. By Johnson M.Woodiiam, Chartered Acootmtaiit. Second 

Edition, Revised. Cr. 8vo, 3s. 6d. cl. bds, ; or M. cl. limp. 

" The volume is a capital >>tu(ly of n most important subject." — Aj^riatltural Gazette. 

"Will be found of great assi-.taiu < t y those who intcml to commence a system of book-keep- 
ing, the author's examples beins dear and expbcit, and his explanations, while full and accurate, 
bwng to a laiga »«lettt free from technkaHtiw/'i/L^ Stock ytwuaL 

Farm Account Book. 

WOODMAN*S YEARLY FARM ACCOUNT BOOK, Giving 

a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture imder each Department oi Crops, Live Stock, Dairy, &c, &c. With 
Valnation, Profit and Loss Acconot, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record of the Farming Operations. By J gum son M. Woodman^ 
Chartered Accountant Folio, 75. 6d. half bound. CewiUNr*. 
"Contains every reqiUrit* form for keoping farm accounts nmSOSf and accnntilr* — .^C*^ 

Early Fruits, Flowers and Vegetables, 

THE FORCING GARDEN ; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits and Frames. By Samuel Wood. Crown 8vo, 35. 64. cloth. 

"A good V)nok, and fairly fills a jilai e that was in some degree vacant. The book iswrittenwitb 
great care, and coiuain-j a yreat deal of valuable teaching." — GarcUturs' Magazine, 

"Mr. Wood , t ook is an original and exhaustive auwar lotfasqpieitklll *HoirtoGfOW Eady 
Fruite, Flowers aiid Vegetables ?' "—Xiawrf a«<< IVttUr, 

Good Garden in ff. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Mannres, 
Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. WoOD. 
Fourth Edition, with numerous Illustrations. Crown 8vo, 3s. 6d, cloth. 
** A very good book, and one to be highly recommended as m pmctical sidde. The practical 

dfaPOCtions are v\cc]]vnx."—y1f/ienauy>:. 

"Maybe reeonuucndcd to yuuii^ gardeners, cottagers, and specially to amateurs, for the 
plain, simple, and trustwoftlqr informatioin it chrea on mittaa too oAoa neglectorl,''-i' 

GanUntrs' Chronicle, 

Gainful Gardening. 

MULTUM-IN-FARVO GARDENING; or, How to make One 
Acre of Land produce 1^620 a-year by the Cultivation of Fruits and Vegetables ; 

also. How to Grow Flowers in Three Glas?; Houf^es, so as to realise £176 per 
annum clear Profit. By S. Wood. Fifth Edition. Crown 8vo, is, sewed. 
*'We are bound to recommend it as not only suited to the can of the amatoor and gwntiamant 
gfardener, but to the mailcet grower "—Gardmir^ MagOMim* 

Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide. By S. Wood. With lUusts. Cr.Svo, 3s. 6^/. cl. 
"This volume contains a good deal of sound, common sense instruction." — Florist. 
"Full of shrewd hints and useful instructions* based on a li fetimo (rf oapc ri onco."-^Stg<«WWIw 

Receipts for Gardeners, 

GARDEN RECEIPTS. By C. W. QuiN. i2mo, is, 6d. cloth. 
** A nseftd and handy book, containing a good deal of valuabiia inionnatlon.''-n<fM«MN«w. 

Market Gardening, 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden.'* Compiled by C. W. Shaw, late Editor of "Gardening 
Illustrated." ismo, 3s. 6d. cloth boards. 

**Th« most rahiable compendium of kitchen and market-garden work pubUshed."-^arm«r, 

Cfottage Gardening, 

COTTAGE GARDENING: or, Flowers, Fruits, and VigetaMes for 

Small Gardens. By B, Hobday* zamo, zs, 6d, cloth limp« 

Potato Culture, 

POTATOES : How to Grow and Show Them. A Practical Guide 
to the Cultivation and General Treatment of. the Potato. ByjAM£S Pink. 
Second Edition. Crown 8vo, 3s. doth. 
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LAND AND ESTATE MANAGEMENT, LAW, etc. 

Hudson^s Land ValKcr's Pocket-Book, 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calculating the Value of Estates. With 
Tables lor reducing^Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By K. Hudson, C.£. New Edition. Royal 32010, Leather, 
elutielNuid, 41. 

"This new c litiiin includes tables for ascertaining the value of leases for any term of years 
and for showing how to lay out plots of i;round of certain acres in forms, squaue, round, &c.( with 
valuable rules for asccrtamini^ the probable worth of standing timber to any amount: Ud i> Of 
iiwalnihibte vahie to the country gentlemaa and professional mnn."— Farmers ^Sfournmm 

EewarVs Land Improver-s I^ocket-Book» 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULJE, 

TABLES aiul MKMORAI<DA required in any Computation relating to the 
Permanent hnprovcment oj Landed k'robcrty. By John Ewart, Land Surveyor 
and Agricultural Eogineer. Second KditioOt R«vi8ed« Royal samo^ oblODg, 

leather, gilt edges, with elastic band, 4s. 
"A compendious and handy little \o\\\vn^r—Sp<ctator. 

Complete Agricultural Surveyor's JPochet-Book. 

THE LAND VALUER'S AND LAND I M PROVERBS COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Lesther, gilt edges, with strap, 7s. fid, 

" Hudson's bonl: is the best ready-rcrkoner on matters relating' to the valuation of land and 
crops, and its combination with Mr.Ewart's work greatly enhances the value and usefulness of the 
tsttUhOMOliQiied. . . . ItbrnottuMfiilasainsoHMlbrfdiBniioe."— 

A actio n eer^s A ssistanU 

THE AriRAiSER, A UCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKBT ASSISTANTttOTtbeValusb- 
Uon for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
ol property generally ; with Prices for Inventories, &c. By John Whbblbr, 
Vaiaer, Ac. Fifth Edition, re-written and greatly extended by C Noams, 
Surveyor, Valuer, &c. Royal 32010, 5J. doth. 

** A neat and concise book of refisrenoe, ooatalninff an admiiable and clearly«arfaii&:ed list of 
fwkes forlnventories, and aye rypra ctteal gnideto deteradne the value of fbnUtuie,A&"-^sce«nfttrii£ 

" Contains a laree quantity of varied and useful information as to the vahiatinn for ])urcliise, 
sale, or renewal of leases, annuities and reversious, and of property j^eneraUy, with prices for 
hnreatories, and a guide to determine the value of interior fittings and oOup effKts."—A#flUSer. 



AucHaneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re- written. Demy 
8vo, Z25. 6d, cloth. 

"The poriMon and duties of anctkmeers treated compendioasSy and deatty.**— J WiMSw . 

"Every auctioneer ought to possessacopy of this excellent work."— Iron ffu>ti£-er. 

" Of great value to the profession. • • • We readily welcome this book from the £Kt that it 
treats the subject in a manner somewhat new to the ptn^mlkM.-^£aatu C 



Legal Guide for JPatvnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Ca?ies on Rights and Liabilities, Civil and Criminnl, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Banister-at-Law, Author of ** The Law 
of Slander and Libel|" &C. With Additions and Corrections. Fcap. 9wo, 
3s. 6d. cloth. 

** TMs work contains simply everything that requifes to be tmown oonoemlng the depaftmenft 
«f thelBwofwIikliittiiBstK. WecaasMr cooiBeiidtlMboofcMnBiqiMaadTenraeaftarparfbet'' 
—Iron, 

" The task undertaken by Mr. Folkard has been very satisfactorily performed. . . Such ex- 

^S^Pm ** *^ "^f"* ^ve been suppUed with great deamesa and with due ragard to brevity." 
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' ineauvicii ib inoruu^^niy praciic<u. — j^aiv jcn 
"For all who have dealings with huuse property, 
"Carefully brought up to date, and much unproi 
" A well-written and tnoiitrhtful work."— Z,a«a rft 



Law of Patents. 

PATENTS FOR INVENTIONS, AND HO IV TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardinqham, A880C.Mem.In8t.C.£., 4kc. Demy 8vo, cloth, price 

25. 6d. 

Metropolitan Mating Appeals* 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GBNBRAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down 
to the Present Date, with an introduction to the Valuation (Metropolis) Act, 
1869, and an Appendix by WAI.TBR C, Rydb, oi the Inner Temple, Barrister* 
at-Law. 8vo, i6s. cloth. 

" A useful work, occupying place mid-way between a handbook for a lawyer and a guide to 
the surveyor. It is compiled by a gentleman eminent in his prolession ah a land agfent, whose spe- 
cialty, it is acknowledged, lies i the direction of assessing property lor rating purposes."— Z.a»<^ 
Agents' Record. 

*' It is an iudispeosable wo of ceference for all engaged ia assesmeot business."— 7oM/7ta/ 

Simse Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures; with 
Examples of all kinds of Valuations, Useful luiormation on Building, and 
Suggestive Elucidations of Fine Art. By E I.. Tarbuch Architect and 
Surveyor. Fourth Edition, Enlarged. i2mQ, 55. cloth, 
•'The advice is thoroughly practical. —Aaw yourttal. 

:rty, this is an indispensable guide."— Z?M»ra/M/». 
iproved by the additton Of A dhrWoo oa fine ast. 

joiightful work."— Z,a«a Agtttt* tUcorA, 

Lnwood's Estate Tables, 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold^ or Leasehoid; Annuities, Advowsons, etc,, and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms oi Years certain, and for Lives ^^ also tor Valuing Reversionary 
Estates, Deferred Annuities, Nest Presentations, Ac ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Kates. By W. Inwood. 23rd Edition, with considerable 
Additions, and new and valuable Tables of Ix^arithms for the more Difficult 
• Computations of the Interest of Money, Discount, Annuities, &c.,by M. FsoOR 
Thoman, ot the Societe Credit Mobilier of Paris. Crown bvo, b«. doth. 
"Those interested in the purchase and sale of ertiiw^ and In the adjustment of '•''"r^TTttitm 

caM^asweUwin tnnsactioiu in anmiitiiw^ lifo iaannaoaib Stc^ will find the pgeseiit oditiooof 

eodnent serv1ce."--£Hp*£nM«rRNyr« 

" • Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched 

by large addittotial cuutribuiions by M. Fedor Theman, whose carefully arranged Tables caimoC 

£nU to De of the utmost utittQr."— ^^>>t<>V y^urtusA 

Agricultural and Tenant-Hight Valuation, 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 
ASSISTANT. A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right- Valua- 
tions, Scales ot Compensation under the Agricultural Holdings Act, 1883, 
&c. &c. By Tom Bright, Agricultural Surveyor. Crown 8vo, 3s. (M. doth. 
**FuU oi tables and examples in connectioa with the valuatioo of tenant-right, estates. Iabour« 

contents, and weights of timber, and farm produce of all kinds."— y^^ww/h<ra/ GtutttU.^ 

"An eminently practical h aiulljook. full of practical tablt- ^.v.d data of imdoubted loMnSt a&4 

value to burveyors and auciiuuecrs in preparuitf valuations of ail lauds. '—^«rw«r. 

Plantations and Underwoods* 

POLE PLANTATIONS AND UNDERWOODS: A Practical 

Handbook on Esiitnating the Cost of Forming, Renovating. Improving amd 
Grubbing Plantations and Underwoods, their Valuation for Purposes oi 
Transfer, Rental, Sale Or Assessment. By Tom Bright, F.S.Sc, Author oi 
*' The Agricultnrai and Tenant-Right-Valuer'B Assistanti*' &c. Crown 8vo, 
3S. 6d, cloth. [Just pubUshed. 

"will be found very nsehd to those who are actually engaged in managing wood.**— AilST^ 
IVukly Messenger. 

•*To valuers, foresters and agents it will be a welcome aid." — North British AgncuUurisU 
"Well calculated to assist the valuer in the discharg^e of his duties, and of undoubted inte 
aad use both to burveyois and auctioneers in preparing valuations of all )asMd&,"—Kent Utrald. 
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A Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy-Bmk of the 
Principles of Law and Equity. By A Barrister. Twenty-ninth Edition. 
Revised and Enlarged. Including the Legislation of 1891, and including 
careful digests of The Tithe Act, i8gi ; the Mortmain and Charitable Uses 
Act, i8()r ; the Charitable Trusts (Recovery) Act, 1891 ; the Forced Transfers 
Act, ibgi ; the Custody of Children Act, 1S91; the Slander of Women. Act^ 
X891; the Public Health (London) Act, iHgt; the Stamp Act, 1891 ; the 
Savings Bank Act, 1891 ; the Elementary Education (*' Free Education'') Act, 
1891 ; the County Councils {Elections) Act, ; and the Land Registry 
(Middlesex Deeds) Ac$, 1891 ; while other new Acts have been duly noted. 
Crown Svo, 688 pp., piice es»6d* (saved at every constiltatioD ! ), strongly 
bound in cloth. [^ust published. 

\« THE BOOK WILL BB FOUND TO COMPRISE (AMONGST 

OTHER MATTER)— 

Thb rights and Wrongs op iNDivmuALfr-LANDLORO and Tenant— Vbndoks 

AND PURCHASERS— PARTNERS AND AGENTS— COMPANIES AND ASSOCIATIONS— MASTERS, 
SERVANTS AND WORKMUN — LEASES AND MORTGAGES-CHURCH AND CLERGY, RITUAL 

—Libel and slander— Contracts and agreements -Bonds and Bills of Sale— 
Chkques, Bills and Notes -Railway and Shipping Law-Bankruptcy and in- 
surance— Borrowrrs, Lenders and Sureties— Criminal law- parliamentary 
Elections- couNTV Councils— Mttnicipal Corporations— Parish Law, church- 
wardens, ETC.— public health AND NUISANCES— FRIENDLY AND |BUILDING 
SOCIBTIBS— COPYRIGHT AND PATBNTS— TRADE MAJLKS AND DBSIGNS— HUSBAND AND 

WfFB. DrvoRCH, ETC.- Trustees and executors— intbstacv, Law of— Guardian 

AND Ward, Infants, etc.— Game Laws and Sporting— Horses, Horse-dealing 
AND DOGS— Innkeepers, licensing, etc.— Forms of Wills, Agreements, etc. etc 

Note. — The object of this work is to enable those who consult it to help them- 
selves to the law ; and theri^ to dispeiis§t as far as possible, with profissumal 
assistance and advice. There are many wrongs and e^rievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer's office as of a honfsden, Wim this 
book at hand it is believed that many a Six-and-Eightpence may be saved ; many 
a wrong redressed; many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard legal adviser of all 
classes, and also made a reputation for itself as a useful book of reference for lawyers 
residing at a distance from law libraries, who are glad to have at hand a work em^ 
body ing reeml decisions and enactments, 

•«* Opinions of the Press. 

*' It is a complete code of English Law, written in plain language, which all can understand. 
. . ShouklbeiatlMhaiids ofOT«iybiaiiMiiiiiaii,aiidanwlioi^ 

IVeeJtly Times. 

" A useful and concise epttonift of tiie Iftw, compiled wKh coodderable eu*.**— Xmr M^gm»ine. 

**A complete digest of the most useful iacts which constitute English law. " G Mei, 
"Admirably done, admirably arranprecl, and admirably cheap." — Lreds Mercury. 

** A concise, cheap and complete epitome of the English law So plainly written that be who 
cuns may read, and he who reads may understand." — F^aro. 

** A dictionary of leg-al facts well put together. The book is a useful one." — Spectator. 

** The latest edition of this popular book ought to be in every business establishment, and oa 
every Ubnury tabl«w*''-^A«^eA/ >Wa 

J^rivate Bill Legislation and I* ro visional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN^ 
GINBBRS Engaged in Promoting Private Acts of Parliament and Provi. 
Bional Orders, lor the Authorization of Railways, Tramways, Works for the 
Supply of Gas and Wateri and other undertakings of a like character. By 
Lh Livinqston Macassev, of the Middle Temple, l}arrister-at*Law, 
M.Iiist«C.B. ; Anttaor of " Hints on Water Supply,*' Svo, 950 pp.* ass. cloth. 

"The volume is a desideratum on a subject which can be only acquired by practical experi- 
ence, and the order of procedure in Private Bill Legislation and Provisional Orders is followed. 
The author's suggestions and iioles will lie found of great ii lIllCI Hi fllHilieeil IIMI tiflllini pHliMliim 
ally engaged in this class of pra.^A\.CQ. —Buiidtn^ Nczvs. 

•* The author's double cxi>crience as an engineer and barrister has eminently qualified him for 
the task, and enal)led hini to -Htproach the subject alike from an engineering and legal point of 
view. The volume will he found a great help both to engineers and lawyers engaged in promociiie 
PHMto Acts ct Parhaincnt and ProrMooal 0Bdini''-^C4MVf C^Wmi^^ r-~-»«« 

OODSM, SMALB AND CCK UMZTBD^ PRIIITSM, aRBAT SAFFKON HILL, B.C* 
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BOOK OF, By Professor John Scott. Comprisins: the ab< 
Sjven Volumes bound together. In one Vol., 1,160 pp » ^ 
600 IlluatraticT^s. 128., half-bound. 

*• A copy of this work should be treasured up in every library where 
raer thereof is in any way cu^ected with land."— i^'am and Home. 
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TH^ TREE PLANTE 

OA TOR. With d- 
Budding, Cuttingt 
Samuel Wood. 1 

" Sound in its teachi 
book " — Gardeners^ Mag 

"The instractionB ai 
Agricxdturist, 

THE TREE PI 

the Pruning of F. 

and Flowering Plants. With numerous IlluBtrations. By •K^'-) 
Saiiiubl Wood. 28. ; cloth boar48, 28. 6d. 

*' A useful book, written by one who has had great exy nienoe."— Ifarft Lan* 
ffxpresB. 





We recommend this treatise very highly." — Nort' 

THE TREE PLANTER, PR^ 
FRUNER, By Samubl Wood. Cr 
Volumes bound together. 68. 

FRUIT TREES, Their Sciei^ 

: From the French of M. 
Georob Glenn y. With 18 
The book teaches how to p 

VHE ART OF GR 
Charles Baltet. 

• 

" The one standard 

" We know no prod 
rnbject of ^afticg 
;if Illustration."— 

KrrcH^y/'C-^ 



ah AgrieuUuritt. 

ATOR, AND 
f the above Two 

1 table Culture. 
irth Edition, by T^X 
3th boards, 4s. I 
perfection."— 

DDING. By 
sloth boards, 3s. 

is most interestiDg 
iue, and excellence 



SY. Showing 
uhe best means of 
I'b, &c., with cultural 
a1 the year round. By 
a. ; cloth boards, 28. 
Jritish AgrieuUurisL 

or, Flowers, Fruits, and 

I * By E. Hobday. Is. 6d. 

- JJennitSTfreTWetions as to the cultivation of small gaidenB."Scotaman. 
" Contains much useful information at a small charge." — Glasgow Herald. 

GARDEN RECEIPTS. Edited by C. W. Quin. Is. 6d. 

: "A singularly complete collection of the principtd receipt* needed by 
•ardeners."— /'flrwicr. 
" A useful and handy book containing a good deal of valuable information." 
-Athenceum, 

UHE KITCHEN AND MARKET GARDEN. By 
Contributors to "The Garden." Compiled by C. W. Shaw, 
Editor of " Gardening Illustrated." 3s. ; cloth boards, 38. 6d. ' 
" The most valuable compendium of kitchen and market-garden work nub- 

jBhed.**— Farmer. *^ 

^ '* A most comprehenmve volume on market and kitchen- gardening."— if arik 
<an« Express. 
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